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PREFACE. 



At the time of the publication of the first volume of the Palseontology 
of Ohio it was supposed that all the new material collected by the Sur- 
vey not there described would be included in the present volume,. but in 
the interval so much has been discovered that claimed a place in our Re- 
port that it has been thought best to prepare a third volume on Paleon- 
tology, to accompany the third volume on Geology, already authorized. 
This will be offered as Part II. of Volume III. of our Report, and should 
its publication be ordered it will give a completeness and symmetry to 
the records of the Survey which they would lack without it. 

With this proposed volume, the entire series of reports will consist 
four volumes, of two parts each, or practically of eight volumes, of nearly 
uniform size, viz., three on Geology, three on Palseontology, one on Eco- 
nomic Geology, and one on Zoology, Botany, and Agriculture. 

The matter which will compose the third volume on Palseontology is, 
briefly, as follows : 

1. A general review of the Fossil Plants found in Ohio, with descrip- 
tions of many new species. 

A large number of fossil fruits, and a few fossil plants, were described 
and figured in our first volume, and a remarkably interesting though, 
isolated group of Lower Carboniferous plants will be found described by 
Prof. Andrews in this volume, but no systematic review of our fossil flora 
has yet been given to the public, and the greater number, and the most 
interesting of the new species collected on the Survey, are as yet unde- 
scribed. These are mostly from the Carboniferous rocks, but they also 
include marine plants from the Lower and Upper Silurian, the Devonian 
and Waverly, and also our oldest land plants, the tree-ferns and Arau- 
carian pines, which grew on the Cincinnati island when it was sur- 
rounded by the Devonian sea. 
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This review of the Fossil Plants has the general scope of that on Fossil 
Fishes given in Vol. I., and includes not only a catalogue of the old and 
descriptions of the new species, but a sketch of the progress of plant life, 
so far as it is known, from the most ancient to modern forms. 

A place was assigned to this memoir in the present volume, but it 
could not have been added to the matter now published without making 
the volume too large for convenience or symmetry with its predecessor, 
and without carrying its cost considerably beyond the amount appropri- 
ated for its publication. 

It could not have been preferred in a choice of material without ex- 
cluding much that is of equal value, and that which had been prepared 
with the assurance that it should appear in this volume. It was un- 
avoidable, therefore, that its publication should be deferred. 

2. A memoir by Prof. 0. C. Marsh, on the large Wild Hog, or Peccary 
(Dicotyles compressus), which once roamed through the forests of Ohio, but is 
npw entirely extinct. As was mentioned in the preceding volume, a few 
disjointed fragments of the bony structure of this interesting animal 
were the only traces of its existence known before the discovery of twelve 
nearly complete skeletons in the banks of the Olentangy, at Columbus. 
It is highly desirable, therefore, that this ample material should be made 
the basis of a monograph, in which the oldest, largest, and least known 
species of this peculiarly American type of hogs should not only be re- 
habilitated, but should be brought into relations with its physical sur- 
roundings and the other animals of the fauna to which it belonged. No 
data have hitherto been known from which the natural history of this 
animal could be written, but with the special fitness of Prof. Marsh for 
the duty, and the abundant material that can be placed in his hands, he 
will prepare a memoir that will become a classic in comparative anatomy, 
and will add greatly to the interest of our reports. 

3. Prof. Marsh has also consented to review all the relics that have 
been found of our ancient giant beaver (Castoroides Ohioensis), and prepare 
a more complete and accurate description of it than has yet been writ- 
ten. It will be remembered that the first traces of this creature were 
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found in the excavation of the Ohio Canal, at Nashport, and it was 
brought to the notice of the scientific world by the late Col. J. W. Foster, 
when connected with the first geological survey of the State. Perhaps 
no other of our extinct animals has excited a deeper interest than this 
one, and nothing that could be published in our palseontological reports 
would be read with greater avidity than any new information in regard 
to Castoroides. 

4. Our reports would also be glaringly incomplete if they should fail 
to contain some notice of the elephant, the mastodon, the horse, the 
musk-ox, the reindeer, the bison, true oxen, and other large mammals, 
the remains of which have been found in our State. Some of these re- 
mains have never been seen by any comparative anatomist, and none of 
them have been carefully studied. Prof. Marsh has consented to exam- 
ine this material — which, though scattered and rapidly disappearing, 
is still considerable in quantity — and we may confidently anticipate that 
in his hands it will form the basis of a very interesting chapter in our 
ancient history. 

5. A considerable number of new species of invertebrate fossils still 
remain in our hands for description. These are chiefly Mollusks from 
the various formations of our geological scale. Many of them have been 
already studied, and it onty remains to have descriptions and drawings 
of them made to bring the Palaeontology of Ohio in all departments up 
to date. It is hoped that this material also will form part of Volume III. 

Among the special reports which form the present volume, it will be 
seen there is one by Prof. H. A. Nicholson, now of the University of St. 
Andrews, Scotland, on our Silurian and Devonian Corals. It is only an 
act of justice to state that this report was written and the drawings 
which illustrate it were made by Prof. Nicholson himself on the eve of 
his departure for Europe, when his time was peculiarly precious to him, 
and that both report and drawings were furnished without compensation. 

The plates, which form so important a part of this volume, were litho- 
graphed by Messrs. T. Sinclair & Son, of Philadelphia, and Strobridge & 
Co., of Cincinnati— the Mollusks, Crustaceans, and Salamanders by the 
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former, the Plants and Fishes by the latter. Both these firms deserve 
our sincere thanks, not only for the good quality of their work, but for 
the courtesy and patience with which they co-operated in all efforts to 
secure a creditable result. 

The Amphibians offered peculiar difficulties to the lithographers. 
They were drawn on stone directly from the fossils, and as the color of 
these were jet black, like the matrix, and their forms were discernible 
only by a practiced eye, the fair degree of success attained in their de- 
lineation deserves special praise. 

J. S. N. 
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FISHES OF THE DEVONIAN SYSTEM. 



GANOIDEI. 

PL A CODEBM1 

Genus DLNICHTHYS, Newb. 

Since the publication of the first volume of this Keport, a large amount 
<>f interesting material, illustrating the structure of tin's genus, has been 
brought to light. In this material is to be found nearly the entire bony 
system of one large individual, which gives us a more complete repre- 
sentation of Dlnichthys than has yet been obtained of any of the larger 
foss-ii .isiies of the Old World. These specimens we owe to the entlm- 
: i .i-in and intelligence of Mr. Jay Terrell, who found them at his home 
11 Sheffield, Lorain Co. Here the upper portion of the Huron shale 
! niic-, along the Lake Shore, cliffs, which are being constantly worn away 
I v the waves. These cliffs have been Mr. Terrell's favorite hunting 
ground, and as the erosion of the surface revealed here and there the 
projecting point of a bone, each indication has been followed up with 
care, and the bone taken out, perhaps in many fragments, but yet com- 
plete in all its parts. Mr. Terrell has carefully preserved and united 
these fragments, and thus has been able to contribute to science some of 
the most interesting and valuable palseontologieal material ever dis- 
covered. Some months since, while scanning the cliffs near his house, 
his attention was attracted to a bone of which only a small portion was 
visible, the remainder being concealed in the rock. On taking this out, 
others immediately associated with it were revealed, which were, how- 
ever, so deeply buried, as to be inaccessible by ordinary means. In 
these circumstances Mr. Terrell began operations on a shoulder of the 
cliff immediately above, and excavated a space about twelve feet square 
down to the locality of the bones. Here he found the ventral shield, 
before unknown, quite complete; one perfect mandible, a "premaxil- 
lary," and two " maxillaries ; " -a perfect dorsal shield, two feet in diam- 
eter ; two scapulo-coracoids, with a large number of additional bones, 
including the ossified rays of a large fin. From the same locality Mr. 
Terrell had before obtained a cranium almost complete, and two Supra- 
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scapulas, thus giving us, as has been said, nearly the entire bony 
structure. 

Since this important discovery, Mr. Terrell has found a complete man- 
dible and maxillary of larger size than any before met with; the mandi- 
ble being twenty -two inches in length. 

From this rich array of material we get not only much additional light 
in regard to the structure of Dinichthys, but are furnished w'ib die means 
for accurately defining the two known species of the genus. It also shows 
that some errors were committed, from confounding the two species, in 
writing the descriptions contained in Yol. I. 

When the main portion of that volume was written, neither maxillary 
nor mandible had been found on the Lake Shore, and all the bones of 
Dinichthys collected at Sheffield, Monroeville, and Delaware, had been 
grouped together under one specific name. 

In a foot note appended to the description of Dinichthys on page 322 
of Vol. I., Part II., is mentioned the discovery at Sheffield, by Prof. A. 
A. Wright, of a mandible quite different from those found at Delaware. 
This evidently belonged to a new species, to which the name Dinichthys 
Terrelti was then attached. The large number of specimens since 
obtained, and, indeed, all the remains of Dinichthys hitherto taken from 
the summit of the Huron shale at Sheffield, belong, as we now know, to 
this species, which is quite distinct from that found at the base of the 
formation at Delaware. Hence the Dorsal plate figured on Plate 32, 
the Cranium on Plate 33, and the Supra-scapulas on Plate 3i, Vol. I., 
should be credited to Dinichthys Terrelli rather than to D. Hertzeri, 
with which they were formerly and erroneously connected. The details 
of structure in which the species differ, will be given further on. 

The study of the specimens, the discovery of which has been described, 
has resulted not only in a better knowledge of the anatomy of Dinichthys, 
but has revealed some interesting things in regard to the relations of this 
genus to living and fossil fishes ; all of which will be briefly referred to in 
the pages which follow. 

The most striking feature of Dinichthys, apart from its great size, is 
its dentition, of which we have now all the parts. In this the most con- 
spicuous elements are the massive mandibles, of which the posterior 
extremities are rounded and flattened, and were evidently connected with 
cartilaginous articular portions. The anterior end of each mandible is 
turned up to form a strong, acute, and prominent tooth. Behind this the 
jaw is thickened by a ridge on the inside, which usually terminates above 
in a triangular, tooth-like projection. The upper margin of the mandible, 
for live or six inches behind this projection, is compressed, and consists of 
remarkably dense, enamel-like bone. In D. Hertzeri this is produced 
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into a row of conical teeth, about half an inch in length. In D. Terrelli, 
on the contrary, the margin of the mandible here forms a sharp cutting 
edge. At the posterior end of this edge it is sometimes obscurely crenu- 
lated by what are evidently rudimentary teeth, the dwarfed and abortive 
homologies of those which occupy the margins of the maxillaries and man- 
dibles of D. Hertzeri. 

The dentition of the upper jaw consists of what I have called, for con- 
venience in my description, premaxillaries and maxillaries, without, how- 
ever, intending to commit myself fully to this view of their homologies.* 
These have been partially described in the notice of Dinicthys contained 
in Vol. I., Part II., of this Report, but new material has made it possible 
to give a fuller description of them now. 

Beginning at the anterior extremity of the head, the muzzle is termi- 
nated by two large, triangular " premaxillaries," of which the upper sides 
are flattened and concave, while the opposite angles project downward to 
form great, incisor-like teeth. These interlock with and shut over the 
projecting points of the turned up mandibles, which are received into 
their concavities. 

Behind the premaxillaries, two oblong dental plates or maxillm are set 
directly over the prominent, denticulated, or cutting edges of the man- 
dible. In D. Hertzeri the maxillw are somewhat irregular in outline, 
the lower margins being the longer and set with teeth similar to and inter- 
locking with those of the mandible below. In D. Terrelli the maxillaries. 
are oblong or quadrangular, with rounded angles, and the lower edges are 
sharp and knife-like, and overlap and play upon the sharp edges of the 
mandibles. 

When we compare this peculiar dentition with that of other fishes, we 
find that Cocoosteus among fossil, and Lepiclosiren among living fishes, 
offer some remarkable and suggestive points of resemblance. 

The dentition of Cocoosteus will be referred to further on in connection 
with some other anatomical features which it has in common with Dinich- 



* In describing these bones I have called them premaxillaries and maxillaries, because 
they hold the positions and perform the functions of these organs in. other fishes. We 
have not yet found the anterior and upper portions of the head so well preserved that its 
structure can all be made out, and we can only he certain of the homologies of the bones 
in question when we shall have obtained more, and more perfect, material. One heafl of 
JD. Hertzeri, found at Delaware by Mr. Hertzer, shows the " premaxillaries" and " max- 
illaries " in position, but the interior of the head is not visible. As will be shown further 
on, the dentition of BinkMhys corresponds very closely with that of Lepidosiren, but 
even with full proof of identity of structure in the dentition of these genera, the ques- 
tion before us would hardly be cleared of doubt, as what Professor Owen calls maxilla- 
ries in Lepidosiren, Professor Huxley calls, probably with good reason, palato-pterygoid 
dental plates. 
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thys, but it may be said here, in passing, that it is on the same general 
plan with that of Dinichthys, and, in some respects, is strikingly similar 
to that of D. Ilertzeri. 

Comparing Dinichthys and Lepidosiren, a surprising similarity is at 
once apparent, and it may be said that the dentition of Dinichthys Ter- 
relli is almost exactly like that of Lepidosiren annectens, except that it is 
more than a hundred times larger. 

This similarity is well shown in the subjoined wood-cuts, which repre- 
sent the dentition of both, one of the size of nature, and the other about 
one-tenth the natural size, linear. 

Dentition of Lefidosiken annectens, Owen. 





Front and side views of head, natural siae, drawn from specimen. 

From these figures it will be seen that the dentition of Lepidosiren con- 
sists of mandibles which have almost the exact form of those of Dinich- 
thys Terrelli, and have the same structure and functions. In Lepidosiren 
the anterior extremity of each mandible rises into a prominent tooth, 
while, behind this, the upper margin presents, first, a ridge or fold, which 
produces a subordinate denticle, and then, for about one-third the length 
of the mandible, is a sharp edge of enamel. At its posterior end this is 
slightly denticulated, as though with rudimentary teeth, as in Dinichthys. 
In the upper jaw we find two dental plates, more or less perfectly joined 
at the symphysis, and forming, first, by a strong anterior fold on either 
side, prominences which are functional teeth, and which match the pro- 
duced extremities of the mandibles. Behind these, on each side, is a 
second ridge or fold, and then a wing-like plate of enameled bone, which 
plays upon the corresponding edge of the mandible. The most cursory 
examination of the figures and descriptions of the dentition of Dinich- 
thys will show that it corresponds closely to this pattern. 

In Lepidosiren there are also two small, pointed teeth (" nasal, " Owen ; 
" vomerine," Huxley) which overhang and precede the dentition that has 
been described. No teeth corresponding to these have been discovered 
with the remains of Dinichthys, but this is not strange, for even if the 
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Dentition of Dinichthys Terrelli, K. 




Side view, one-tenth natural size, linear. 



correspondence in dentition had been made exact by the existence in 
Dinichthys of parts homologous to these, they would probably have been 
easily separated from the cranium, as they are in Lepidosiren, and would 
be quite sure not to be found in position. 



Deotition of Diniohthys Terrelli. 




Front view (diagram) one-tenth natural size, linear. 

Professor Theodore Gill, the distinguished zoologist, who has examined.' 
my specimens of Dinichthys, while recognizing the great similarity ex- 
isting between the dentition of this genus and that of Lepidosiren, and 
accepting my view of their close zoological relationship, is inclined to con- 
sider the great anterior " teeth " of Dinichthys as homologous with the- 
small pair of nasal or vomerine teeth of Lepidosiren. The reason which 
he gives for this opinion, is the separation in Dinichthys of the parts 
which I have called premaxillaries and maxillaries, while in Lepidosiren,, 
the dental apparatus of the upper jaw consists of a single, though folded; 
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plate on either side. This seems to me, however, a less important feature 
than he regards it, and the argument used to sustain the view cited above, 
viz.: that "teeth never coalesce," is hardly supported by facts. Even if 
true, it could have no bearing on this question, as the organs under discus- 
sion cannot be accurately called teeth. 

Among the bones of the head in fishes, we find a very wide range of 
variation, in number, size, position, and mode of union, ai.d this where the 
homologies can be clearly made out. Now we must suppose each phase 
of variation to be the result of a special creation, or that the various modi- 
fications are derived one from the other. The teeth of fishes are far more 
variable than the bones proper, and many instances might be cited in 
which the diversity of size, number, and form of the teeth has apparently 
resulted from fission or union. A good illustration of this is seen in the 
genus Ooohliodus, where some of the species differ mainly in this, that 
in one (e. g., C. contortus) the scroll-like teeth are composed of sev- 
eral rings, set side by side, while in others (as G. nobilis), they are 
united in a solid cylinder. Perhaps a still better example is afforded by 
the genera Dipterus and Hdiodus. These are closely allied, and they 
are of special interest in this connection, as they are the ancient represent- 
atives of the group of Dipnoans to which the Australian Barramunda {Cera- 
todus Forsteri) belongs. In Dipterus, there are two triangular fanlike 
teeth set on the palato-pterygoid bones. These are in contact by the longer 
of the sides which inclose the right angle, but are not united. In Ilelio- 
dus, these two teeth are completely fused into one (see Plate LVIIL, 
Figs. 15-18). 

Where the general plan of dentition is so distinctly preserved, as it is 
through phases of variations similar to those mentioned above, it is im- 
possible to resist the conclusion that these phases have had a common 
origin. 



Dentition of Dinichthys Hebtzeei. 




Front view (diagram) one-tenth naturalsize, linear. 

The question of the homologies of the " premaxillaries " of Dmichthys- 
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i. e., whether they are the homologues of the anterior, vomerine teeth of Lep- 
idosiren, or whether they represent the anterior folds of the great " palato- 
pterygoid" dental plates, separated from their maxilla-like wings, — though 
one of interest, does not materially affect the greater question of the gen- 
eral relationship of Dinichthys to Lepidosiren. The minor question 
will doubtless be settled in due time by the discovery of some specimen 
in an unusual state of preservation. The broader and more important 
one, it seems to me, may be decided from the material now befpr.e us. 

Whatever may be said in regard to the dentition of the upper jaw, the 
peculiar mandibles of Lepidosiren and Dinichthys are so alike in every 
essential particular that they would seem to afford evidence of relation- 
ship, even if all other proof was wanting. On the whole, the correspond- 
ence between the dentition of Dinichthys and Lepidosiren is so remark- 
ably close that it seems to afford good ground for believing that we have 
in the latter the dwarfed and diminished representative of the great group 
of fishes which, in the Devonian age, populated and dominated the waters 
of the globe ; and that the peculiar dentition of Lepidosiren is a remnant 
of an antique fashion once much in vogue but now obsolete, except as 
preserved in this little living Dipnoan. The proof of relationship 
between Dinichthys and Lepidosiren seems to be at least as satisfactory 
as that of Ceratodus Forsteri of Australia with Ceratodus of the Trias, 
Ctenodus of the Carboniferous, and Dipterus of the Devonian ; and if the 
view here presented should be accepted, the facts cited will, perhaps, not 
be regarded as less important and suggestive than those connected with 
the discovery of a living species of Ceratodus. 

The relations of Dinichthys to other fossil fishes, as revealed by the 
series of specimens found during the past year, are no less interesting than 
those which this great fish bears to the living Lepidosiren. The most 
striking specimens obtained by Mr. Terrell are the bones composing the 
ventro-pectoral and dorsal shields; both of which are almost entirely 
complete. These are so perfectly represented in the figures now pub- 
lished (Charts V. and VI. — natural size, from photographs) that no 
detailed description of them will be required. The large view given of 
the pectoral and ventral bones represents their inner surfaces, and they are 
somewhat separated in order that their outlines may be more clearly 
shown. In the subjoined wood-cut, however, they are represented (one- 
tenth natural size, linear) in their natural positions, as seen from the outside. 

By comparing this plastron — if we may so call it — of Dinichthys, with 
that of Coccosteus, which is also given below in outline, it will be seen that 
they correspond in all essential particulars ; so much so that the bones 
which compose them might be taken to be the homologous parts in different 
species of the same genus. It is true that the ventral shield of Coccosteus, 
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as described and figured by Pander and Owen, consists of six pieces ; the 
central rhomboidal plate (" ventro-median ") being detached from the 

Ventral Shield of Dinichthys Tekbeixi, X 




One-tenth natural size. 

triangular plate which forms the middle of the anterior margin (" pre- 
ventro-median "). In Dinichthys, these two bones, having almost exactly 
the same form, are united by a narrow bony band. It is almost certain 
also that they were connected in Coccosteus, though it is possible that the 
isthmus that united them was cartilaginous. The union of these bones is 
plainly seen in Pander's figures ( TIeber die Placodermen des Devonischen 
Systems. Taf . 5, Fig. 1, No. 13.) 

The anterior pair of lateral plates (pre-ventro-laterals of Owen) are 
relatively longer and narrower in Dinichthys than in Coccosteus, and their 
anterior angles are more prominent; but these differences are of trifling 
import. The anterior margin of these plates, as well as that of t\iepre- 
ventro-median is strongly reflexed. This character is indicated by a 
double line, and is common to the plastrons of both the genera under 
consideration. 

The posterior lateral plates {post-veniro-laterals of Owen) are broader 
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and somewhat more rounded in outline in Dinichthys that in Goccostem, 
but less so than might be inferred from the figures; as in that of the plas- 

Ventbal Shield of Cocoosteds decifiens, Agass. 




Natural size : after Pander. 

tron of Coccosteus — which is taken from Pander's restoration — the pos- 
terior lateral plates are represented as overlapped by the anterior laterals, 
and thus their anterior margins are concealed. One of these plates is also 
made by Pander in his restoration to overlap the other, and the posterior 
end of the plastron is thereby much narrowed. What evidence of such 
overlapping he had does not appear, as no indications of it are seen in 
his figures of the fossils themselves, either the individual plates, or the 
groups in which they are shown. The posterior lateral angles of the 
hinder pair of ventral plates are produced in both Dinichthys and Coccos- 
teus, but much more so in the former than in the latter. In DinicJithys 
this portion of the plate is greatly thickened, and its interior face is exca- 
vated in a deep longitudinal furrow, which must have served to hold and 
protect the nerves and blood-vessels that passed out to the ventral fins. 
This furrow is shown in the figures of the post-ventro-lateral plates, which 
are given, of the natural size, on Chart VI.* 

* I have elsewhere called attention to the fact that in position and form these bones 
correspond so closely with the pubic bones of PleHosaurus as to suggest homology with 
them. It will also be noticed that the anterior pair of ventral plates offer us striking 
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The remarkable correspondence between the ventral shields of Dinich- 
thys and Coocosteus will probably be accepted without argument as evi- 
dence of consanguinity, even though the cephalic and dorsal shields 
should seem quite unlike. In fact, however, the differences in the arma- 
ment of the upper part of the body of the two genera are those of degree 
rather than of kind, and are much less important than would appear at 
first sight. They will be referred to again on another page. 

The relationship of Dinichthys and Coocosteus is also indicated by 
similarities of dentition. The jaws and teeth of Coocosteus are not yet 
perfectly known, but Pander has figured the mandibles, and has given 
some indication of the dentition of the upper jaw ; or at least has given 
figures Avhich show that the premaxillaries (?) were united in one piece, 
which was set with small, pointed teeth. In all the specimens, figured and 
described by Pander, the anterior extremities of the mandibles seem to 
have been defective, and we have yet to learn precisely how they were 
united. In the middle portion of each mandible there is seen a row of 
teeth formed by the prolongation of the jaw-tissue, precisely as in Dinich- 
thys Hertzeri. In the specimens represented in the figure cited above, 
in addition to the view given of the under side of the ventral plates, the 
posterior extremities of both mandibles are distinctly shown. These are 
flattened and spatnlate, precisely as in Dinichthys. Unfortunately the 
anterior extremities are broken away ; the mutilation of the specimen 
depriving us of information that would be peculiarly precious in this 
connection. Many other fragments of the mandibles of Coocosteus are 
figured by Pander, but none supply us the data necessary for a complete 
comparison with those of Dinichthys. We are, however, justified in 
saying that the dentition, as a whole, was very similar in the two genera. 

When now we come to consider the bones of the cranium and the dor- 
sal shields, we find some marked differences between those of Coocosteus 
and Dinichthys. In Coocosteus the cranial bones form a nearly circular, 
solidly cemented, and highly ornamented cephalic shield, to which the 
dorsal carapace is supposed to have been firmly united. In regard to 
this latter point there is some doubt, for the articulation of the " supra- 
scapular bones " with the posterior lateral angles of the head is such as 
to indicate considerable freedom of motion ; and I am led to believe that 
the body plates were disconnected with the head except by this articula- 

resemblance to the coracoids of Plesiosaurns. In the present state of our knowledge it 
would doubtless be safer to consider these resemblances those of anolagous rather than 
homologous bones, but for reasons which will be given further on, it seems- to me not 
impossible that we have in the plastron of Dinichthys elements of both the pectoral and 
pelvic arches, here more highly developed than in any living fishes, and presenting 
Amphibian and even Reptilian characters. 
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tion, as we know was the ease in Dinichthys. The different plates of the 
body buckler in Coccosteus are usually supposed to have been somewhat 
firmly united. By Agassiz, Pander, Miller, and Owen, they are repre- 
sented as being all soldered together, but as they were plainly united 
by splint joints — the margins in some instances greatly overlapping, and 
the component bones separating so easily that they are usually found dis- 
connected — we are compelled to believe that they were less firmly joined 
'than the head bones. 

The Snpra-Scapulas (Post- Temporals of Parker) of Coccosteus are very 
much like those of Dinichthys ; being similar in form, and having a cor- 
responding articulation with the angle of the head. The only noticeable 
difference in this articulation in the two genera is the thumb-like process 
thrown out from the epiotic (?) bone, to strengthen it, in Dinichthys. This 
is wanting in Coccosteus, but the linear furrows forming the large-fignred 
ornamentation, described elsewhere, is visible on the "Post-Temporals" 
and Epiotics(?) of both genera.* The "Post-Temporals" of Chelyo- 
■phorus are still more like those of Dinichthys ; scarcely differing in any 
respect, except in size. 

In the present volume are published figures of the dorsal shield of Coc- 
costeus, from American and Scotch specimens ; and the dorsal shield of 
Dinichthys is represented on one of the large plates (Chart V.) which 
accompany this report. From the figures on this chart, all of which' are 
of the natural size, a comparison may be readily made, and it will be 
seen at a glance that the difference is considerable. That the bones 
under consideration are homologous, there can be no reasonable doubt ; 
but we must turn to another group of Placoderms to find dorsal shields 
like that of Dinichthys. These we meet with in Asterolepis and Heteros- 
tiiis, especially the latter. The dorsal shield of Asterolepis is the bone 
described by Hugh Miller as a hyoid plate. Pander, however, places it 
in its true position, on the back, immediately behind the head. By refer- 
ence to the figures given on Plate 8 of his work, cited above, it will be 
seen that in all essential points of structure the dorsal shields of Ileteros- 



* The bone of fishes, called the Supra-Seapula by Cuvier, and by most zoologists since 
his time, is asserted by Mr. W. K. Parker to be the Post-Temporal, and since the oblong 
quadrangular bone which is articulated by a very perfect and movable joint with the 
head in Coccosteus is named the Supra-Scapula by Prof. Huxley, Mr. Parker calls that 
also the Post-Temporal. While not prepared to deny the accuracy of this view of an 
anatomist so deservedly distinguished as Mr. Parker, I venture to ask for this case a 
rehearing, and the consideration of the suggestion that this bone, so entirely indepen- 
dent genetically from the cranium, belongs to a posterior vertebral arch ; and that it is 
either what It has been called, the Supra-Scapula, or still better, the Supra-Clavicle. 
With this interpretation, the bone with which it articulates, and which forms the pos- 
terior lateral angle of the head would be the Post-Temporal. 
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tins and Dinichthys are the same; the only difference being that in 
Heterostius this bone is much shorter than broad, while in Dinichthys 
the two diameters are nearly equal. , 

The cranium of Dinichthys seems also to approach more nearly in 
structure to those of Asterolepis and Heterostius than to that of Coccos- 
teus. The resemblance would also seem to be somewhat closer with 
Heterostius than with Asterolepis. In the latter genus the occipital por- 
tion of the cranium forms nearly a straight, transverse line, while in 
Heterostius it is veiy much arched, as in Dinichthys. The posterior 
margin of the snpra-occipital plate — which forms the center of the arch— 
has nearly the same character in Dinichthys and Heterostius, that is, it is 
impressed with two deep pits separated by a narrow ridge, and behind 
these is a peculiar pyramidal projection. All the bones of the hinder 
part of the head in Dinichthys are usually found soldered firmly together, 
the union between the Supra-occipital and the Epiotics being so firm that 
their points of junction cannot be discerned, and they seem to form one 
solid bone. This bone is, however, sometimes found disarticulated, and 
it is figured on Plate LIX. 

The anterior portion of the head is generally dismembered, and seems 
to have consisted of strong bony plates lined with and more or less firmly 
united by cartilage, as in Heterostius and Asterolepis. 

The outer surfaces of the external bones of Dinichthys are marked with 
a fine granular, almost imperceptible ornamentation. In addition to this, 
the cranial surface is inscribed with a series of excavated lines which form 
an ornamental pattern, of which the outlines have not yet been fully 
made out. Something of the sort is discernible on the crania of nearly all 
the Placoderms. It may also be seen on the Post-Temporals (" Supra- 
Scapulas "), and-in Dinichthys and Goccosteus traces of it are visible on the 
bones of the plastron. 

There is this marked difference, however, between Dinichthys and its 
congeners, Asterolepis, Heterostius, Goccosteus, Pterichthys, Aspidich- 
thys, etc., that they all have the surfaces of their external plates orna- 
mented with thickly-set and often prominent and stellate tubercles, while 
the surface bones of Dinichthys show only the granulation and linear fur- 
rows referred to above. 

In one instance the anterior part of the head has been found entire, but 
this was in a concretion, and it was so much injured by the removal of its 
hard and tough matrix, that the outlines of the plates composing it can- 
not be discerned. This shows, however, that a sheet of bone covered the 
entire surface of the head. In all the crania found at Sheffield, the muz- 
zle has disappeared ; only the occipital and central portions remaining. 
The brain-box was apparently partly bone and part cartilage ; as we find, 
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anterior to the bony arches which strengthen the occipital portion, a de- 
pressed area (as seen from the inner side), where some flat radiately stri- 
ated bones are crushed up against the roof of the skull. Possibly the 
brain was completely encased in bone, but the obscure and confused ap- 
pearance of the under side of the cranium has led me to infer that a con- 
siderable portion of the original structure was cartilage. 

Two detached cranial bones found with the head, by Mr. Terrell, and 
referred to on another page, evidently correspond with those figured by 
Hugh Miller and Pander, as belonging to the anterior part of the head of 
Asterolepis, and partially inclosing the eye-orbits. 

A pair of large bones, not before met with, formed part of the great 
skeleton of Diniohthys, quarried out at Sheffield last year, by Mr. Terrell. 
They are nearly two feet in length, at one end somewhat fan-shaped, flat, 
and about seven inches wide, at the other narrow and bifurcate. These 
would be called Coraco-scapular bones by Gill, Coracoids by Owen and 
Gunther, and Clavicles by Parker. They will be referred to again in the 
notes on Dinichthys Terrelli. 

The fins of Dinichthys are only made known to us by a single frag- 
ment, six inches long by three or four wide. This is apparently a por- 
tion of a median fin, of which the rays are as thick as one's little finger, 
and well ossified. Several large flat plates have been found associated 
with the bones described above, but their places are not yet fully deter- 
mined. They will be noticed more at length in the description of D. 
Terrelli. 

From the foregoing remarks it will be seen that the discovery of Di- 
nichthys is a matter of interest, not simply because it adds another and the 
most gigantic to a strange, extinct group of fishes, but also because it 
serves as a connecting link between several genera of Devonian Placo- 
derms, of which the affinities have been somewhat obscure, viz. : Goccos- 
teus and PtericMhys with Asterolepis and Heterostius / and more especial- 
ly because it shows a relationship to exist between these peculiar fishes and 
the anomalous living Zepidosiren. 

The finding of a living species of Geratodus (G. Forsteri) and its care- 
ful study by Dr. Gunther, have apparently resulted in tracing a genetic 
line from Dipterus of the Devonian, through Ctenodus of the Carbonif- 
erous, and Geratodus of the Trias, to dhe marked form of living Dipnoans. 
From what we have seen of the resemblance in structure between Zepido- 
siren and Dinichthys, we may conclude that a parallel line ran upward 
from the Devonian Placoderms to the other living branch of the Dipnoan 
family, now represented by Zepidosiren and Protopterus. The links in 
this chain have not yet been found, but there is little doubt that they 
will hereafter be discovered. 
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It is an interesting fact that the living Dipnoans are inhabitants of the 
Southern Hemisphere, while the living Ganoids (as formerly defined) are 
found only in the rivers of the continents lying north of the Equator. 
This difference of geographical distribution, and the differences noticeable 
in their anatomical structure, have led zoologists to place the Dipnoans 
and Ganoids in distinct orders; but Dr. Gunther proposes to unite them 
in the order Ganoidei. The recent discoveries that have been alluded 
to, seem to confirm this classification, by tracing the living Dipnoans back 
to the Ganoids of the Paleozoic ages, which then occupied both hemi- 
spheres, and formed the most powerful and" highly organized living 
beings. 

The relationship which has been shown to exist between the Devonian 
Ganoids and the modern Dipnoans suggests the question of the relative 
grade of these ancient fishes ; for it is well known that the living Dip- 
noans, from several points in their structure, and especially from the 
possession of a three-chambered heart, and both lungs and gills, have 
been regarded, first, as amphibians, and afterwards, as the highest 
order of fishes. The terms high and low in classification, have been some- 
what vaguely employed, and have created much misapprehension. They 
are certainly not expressive of the true relationship between the synthetic 
or generalised types of ancient times, and the more specialized of the 
present. The modern Teleost is undoubtedly a more perfect fish than 
any of the so-called fishes of the Palaeozoic ages, although the latter in- 
clude in their structure certain points which link them more closely with 
the higher classes, the Amphibia and Beptilia. In one aspect, therefore, 
— their relationship to the higher groups — the earlier fishes were higher in 
the scale than the more modern, but in other respects they were more rudi- 
mentary in structure, for the vertebral column and brain-box were in them 
cartilaginous, while in modern fishes they are ossified. The fact seems 
to be simply this, that the great group of Ganoid fishes, which led and 
gave character to the fauna of the Devonian age, formed the parent stock 
from which, by differentiation, the fishes have branched off on one side, 
the amphibians and reptiles on another. In a tree the loAver branches 
may bear only leaves, and in that respect are but one step in advance of 
the trunk, while the higher branches bear flowers and fruit; but both 
are outgrowths from the^ trunk, and fibres, reaching down from each, blend 
there ; so that the trunk — low in position and function as it is — has more 
in common with the branches which bear respectively the vegetative and 
reproductive organs, than they have with each other. 

The mingling of amphibian and ichthyic characters in the ancient fishes 
is readily explained — and we may say, can only be explained — by sup- 
posing them to have formed the common stem from which both fishes 
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and salamanders have branched. In this original stock the characters of 
all the derived groups are to be found, though in an imperfectly developed 
state. Our modern fishes, for the most part, belong to the group called 
osseous fishes, because they have complete bony skeletons, but in the 
ancient fishes the quantity of dense bony tissue which formed their exo- 
skeletons exceeded many times the quantity of bone in the modern fishes, 
and it was apparently in structure more like the bones of amphibians and 
reptiles than like the bone-tissue of fishes. Joined to this extreme devel- 
opment of external bone was the cartilaginous vertebral column, which 
was a mark of embryonic and rudimentary development. It is evident, 
therefore, that the quantity and the perfection of bone tissue is no safe 
guide in the classification of fishes. The massive bones of Dinichthys 
are very impressive, not only from their magnitude, but from their den- 
sity and perfect preservation. None of the bones of reptiles or mammals 
would have been, under the circumstances, more completely unaffected 
by the influences that have surrounded them. In this respect they are 
evidently superior to the soft and elastic bony tissue which forms the 
skeletons of most, and the highest, modern fishes. We are compelled, 
however, to regard the complete and impenetrable armor, and the massive 
and formidable jaws of the great Placoderms, as heavy and rude first 
models, rather than the light, elegant, and efficient machines which are 
the perfected results of a long process of improvement. The heavy armor 
worn by the knights of old has long since been laid aside, for the mail- 
clad warriors of the middle ages would be clumsy and powerless antago- 
nists to our light-armed troops, carrying repeating rifles and revolvers,', 
and moving with the celerity and precision of modern tactics. So in the 
progress of ichthyic life, increased intelligence, rapidity of movement 
and address, have proved in the struggle of life more than a match for' 
the impenetrable but cumbrous defenses of the sluggish and over-loaded; 
Placoderms. 

Pacts of like import may be found in the life-history of all classes of" 
animals, and those not less real and suggestive in the history of man and: 
the progress of civilization. 

In a note appended to a preceding page, I have called attention to* 
another point in the structure of Dinichthys which may possibly show a 
relationship between the Placoderms and the Teleost fishes, and it may 
even be with the higher classes of Vertebrates. This subject is one of" 
such interest that I venture to again call attention to it. By reference to 
the figures now given of the ventro-pectoral shield of Dinichthys, it will, 
be seen to be composed of two pairs of flattened bones, which apparently 
held some relations with the pectoral and abdominal fins. This is clearly 
shown with regard to the posterior pair by the deeply excavated furrows- 
2 
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which mark their posterior lateral angles. Every anatomist will recog- 
nize the probability that these furrows served for the reception of nerves 
and blood vessels which passed to the posterior members. When, now, 
we compare this shield with corresponding or analogous parts in other 
animals, we find some remarkable and suggestive resemblances : 

1st. The elements of the ventral shield of Dinichthys offer a striking 
parallel with the flattened bones which compose the lower parts of the 
pectoral and pelvic arches in Plesioscmrus, viz., the coracoids, the inter- 
clavicular (or sternal) cartilage, and the pubic bones. It is quite certain 
that the bones of each series held corresponding positions and performed, 
more or less perfectly, the same functions, and it has seemed to me not 
impossible that they are homologous. In this view the anterior lateral 
bones of the shield would be considered as coracoids, the posterior pair as 
pubic bones, and the median plate as the equivalent of a sternum, and, 
perhaps, an interclavicle. 

The notion that the paired bones of the plastron of Dinichthys can be 
the representatives of the coracoids and pubic bones of reptiles will at 
first sight appear so heterodox as hardly to deserve a second thought, and 
the view that they are simply dermal ossifications, like the scutes of the 
sturgeon, the dorsal plates of the Siluroids, etc., will seem much more sim- 
ple and satisfactory. 

It would certainly be an easy way of explaining the origin of these 
plates, to suppose them to form one of the almost infinitely varied phases 
assumed by the exoskeleton of fishes, but it often happens that the easy 
■and simple explanations of Nature's problems are not the true ones, and, 
as will be shown further on, reasons may be found for seriously doubting 
that these bones form any part of the exoskeleton. 

2d. In the turtles the under side of the body is defended by a plastron 
which performs the same functions and resembles much in character the 
ventral shield of Dinichthys. Yet it will be noticed that there are im- 
portant differences between them. The plastron of the Chelonians usual- 
ly consists of four pairs of plates, with a wedge-shaped intermediate one 
in front. All of these are claimed, and are apparently shown, by Eathke, 
to be membrane bones developed in the integuments, and having no con- 
nection with the endoskeleton. The anterior three bones of the plastron 
of the turtle are thought by Huxley to correspond to the three gular 
plates of the Labyrinthodont Amphibians and to be the representatives of 
the clavicles and an interclavicle. 

The two pairs of bones which compose the central and chief portion of 
the plastron of the turtle, hold the positions of the two pairs in the shield 
of Dinichthys, and some turtles possess those which are not greatly unlike 
them in form. It is, therefore, not impossible that they are their equi'va- 
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lents ; but the Ohelonian plastron consists of nine bones, while there are 
only live in that of Dinichthys. Of these five the anterior three corres- 
pond more closely in position with the anterior three of the turtle's ven- 
tral shield, and have better claims to be considered their equivalents than 
have the second pair to be regarded as the homologues of the second pair, 
in the shield of the turtle. The hinder pair of plates in the plastron of 
Dinichthys are much more free and independent than the second pair of 
the turtle's shield, and have much less the character of dermal scutes, and 
more that of internal bones. Still farther the posterior pair of the tur- 
tle's plates (Xiphoplastrons) are, so far as we know, entirely absent from 
the plastron of Dinichthys. It is perhaps possible that the as yet unlo- 
cated plates of the under side of the body of Dinichthys, described in the 
notes on D. Terrelli, may have been so associated with those of the plas- 
tron as to give the A'entral armor more similarity to that of the turtles 
than it now seems to have, but in the present state of our knowledge the 
differences seem to be not only great but radical. 

3d. The characteristic gular plates of some Amphibians (Archwgosaurus, 
etc.) have been referred to as offering some similarity to the anterior 
three bones of the plastron of Dinichthys. 

These Amphibian throat-plates consist of a rhomboidal median one, 
with a pair somewhat triangular in outline, converging forward and 
united with the median plate by its antero-lateral margins. Yon Meyer 
considers these plates as homologous with the anterior plates of the, plas- 
tron of the turtles, while Owen compares them with the jugular plates of 
Megalichthys and Sudis. By Prof. Huxley they are regarded as clavi- 
cles and an interclavicle. Taken by themselves, the anterior three bones 
of the plastron of Dinichthys are not very unlike, in form and position, the 
gular plates of Amphibians, but we must know more of the plates which 
protected the throat of Dinichthys, before we can make the compari- 
son satisfactorily. Possibly the homologues of the Amphibian gular 
plates, if any existed in Dinichthys, were placed quite anterior to the 
plastron. However that maybe, the posterior pair of plates of Dinich- 
thys are without any representatives in the shield of Archcegosaurus ; a 
difference so important as to throw doubt over any suggestion of hom- 
ology. 

4th. Prof. Huxley, in his admirable memoir, " On the Classification of 
Devonian Fishes," * compares the sternal shield of Coclosteus with those 
of some existing Siluroid fishes — Clarias, Loricaria, etc.— and finds such 
correspondence in these parts, as well as in the cranial plates and dorsal 
armor, that he suggests a genetic relationship between the ancient Placo- 



* Memoir of the G-eological Survey of the United Kingdom, Decade X. 
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derms and the modem Siluroids. Prof. Owen had previously called at- 
tention to this resemblance,* though rather to explain the function of the 
plate armor of the Placoderms, than to prove a zoological affinity. In fact 
this resemblance is in many respects very striking ; so much so that it is 
difficult to believe that it is simply " homoplastic," and not " homogenetic." 
Assuming the theory that our modern Fishes, as well as Amphibians and 
Beptiles, are derived from a common ichthyic stock, it is not illogical to snp- 
pose that the characters of that ancient stock have been divided among their 
descendants, one line taking one, and another, another of the most striking 
features, and handing them down as heirlooms through generation after 
generation. The plate armor of the ancient fishes doubtless served a very 
useful purpose, and there has probably never been, in the history of fishes, 
a " piping time of peace," when they could all " lay their armor down," 
but some tribes have constantly worn it, either in the old time-honored 
and well-tried patterns, or modified to suit changed circumstances. 

Thus it may very well be that the plate armor of the old Placoderms 
has become the heritage of the Siluroids, and they have retained little 
beside ; while the dentition and much of the internal structure have been 
preserved by the far more old-fashioned fishes, the Dipnoi. 

In Professor Huxley's memoir " On the Classification of Devonian 
Fishes," outline figures are given of the pectoral shields of Coccosteus, 
Glorias, and Loriearia, which are reproduced below. 





Clabias. Coocostecs. Lobicaria. 

a a a, Hyoid bones. 6 V 6, Urohyals. cc' c," Coracoida." d d' d, " Eadii." 

From the text which accompanies these figures the following passages 

are quoted : 

" On comparing this apparatus with the sternal sliield of Goocosteus, one 
is tempted to compare the antero-median piece of the latter with the 
urohyal of the Siluroid, the antero-lateral piece with the ' coracoid,' and 



* Palaeontology, Second Edition, p. 148. 
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the posterolateral piece with the so-called ' radius,' the more especially 
as the anterolateral piece corresponds with that part of the thoracic shield 
of Pterichthys which supports the plated appendage representing the pec- 
toral fin in that genus. 

" On the other hand, it must be confessed that the closer connection of 
the antero-median piece with the thoracic plates than with the hyoidean 
cornua, and the very backward position of the posterolateral plates, ap- 
parently out of reach of any connection with the tins, militate against this 
view ; which, in addition, leaves the median rhomboidal plate unac- 
counted for. 

"In the Siluroids to which I have referred (Clarias, Bagms, Arius, 
etc.) and in Loricaria, a vast latero-ventral shield is produced by the pro- 
digious expansion and coalescence of the bony elements which are homo- 
logous with those termed 'coracoid' and 'radius' in other fishes. 

"Viewed from the ventral surface, these bones form four great plates, 
those of each side being closely united, or even amalgamated together, 
while the opposite pairs are joined in the middle line by a strongly 
serrated suture. 

" W hen the pectoral fin is provided with an anterior spine, this is articu- 
lated by a curiously complicated joint with the so-called coracoid. The 
cornua of the hyoid are large stout bones, and the urohyal, also a large 
and strong bone, which is particularly broad in Loricaria, connects the 
byoidean with the pectoral apparatus." 

Mr. W. Kitchen Parker, in his " Monograph on the Shoulder-Girdle " 
(p. 23, et seq.), discusses, with much learning and ability, the homologies 
of the pectoral shields of the Siluroids and that of Cocoosteus, but does not 
fully adopt the suggestion of Prof. Huxley in regard to these. By him 
the bones of Clarias and Loricaria, marked c and d in the above wood- 
cut, are considered to be, respectively, clavicles and interclavicles, while 
the anterior pair of plates of the ventral shield of Goccosteus (marked c' in 
the figures), he regards as interclavicles, and considers them as the coun- 
terparts of the lowest bone in the shoiilder-girdle of the sturgeon. Of 
the posterior pair of plates in Goccosteus, he says : " The bones lettered 
d' may either belong to the post-clavicular cincture, or they may answer, 
in their sub-cutaneous portion, to the second pair of interclavicular bones 
of the Lopkobranchii {Hippocampus, Syngnathus, etc.)." He says, fur- 
ther : " The keystone pieces (b' e of figures) are the exact counterparts of 
the first two abdominal line plates of the LophobranchiiP 

From the almost complete identity of structure in the ventral shields of 
Goccosteus and Dinichthys, the questions here raised are of special inter- 
est in the study of the latter genus ; and, whatever conclusion shall be 
reached in regard to one, will equally affect the other. 
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As I have remarked on a preceding page, before the homologies of the 
anterior three plates of the ventral shield of Dinickthys can be accurately 
determined, we must know something more than we now do of the other 
elements of the shoulder-girdle in this genus. First of all, the homology 
and relations of the great bones, which I have called scapulo-coracoids, 
must be ascertained. These evidently correspond wholly, or in part, to 
the so-called coracoids of Polypterus (C of Prof. Huxley's diagram, 
" Classification of Devonian Ganoids," p. 22, Fig. 17), and many otherfishes ; 
and probably to the " Clavicles " in Parker's diagram of the shoulder-gir- 
dle of Lepidosiren* How these bones terminate below, whether in an 
epicoracoid cartilage, or in interclavicular plates anterior to the ventro- 
pectoral shield, we have not yet learned, but must ascertain before we can 
fully reconstruct the shoulder-girdle. In the absence of proof to the con- 
trary, we may accept, provisionally, the view of Parker that the antero- 
lateral plates of the shield of Coocosteus (and hence of Dinickthys) are the 
homologues of the broad, bony plates which form the basal supports of 
the pectoral tins in the sturgeon, and those which meet to complete the 
pectoral arch in Gasterosteus, the interclavicles of Calamichthys, etc. In 
all these cases, however, there are no median plates in the pectoral shield, 
and, to find this element, Parker sends us to the Lophobranchs, where, in 
the " abdominal line plates," he sees the exact counterparts of the median 
bones of the shield of Coocosteus. It seems to me, however, that this ver- 
sion of the homologies of the plates of the plastron of the great extinct 
Placoderms cannot be strongly insisted on, though it would be difficult to 
disprove it. The plastron of Diniohthys, for example, composed of but 
five, large and ponderous, bony plates, is so simple and symmetrical that 
the effort to find its homologues among the multitudinous scutes of the 
little Teleost pipe-fish, appears somewhat hopeless ; little less difficult, 
indeed, of satisfactory accomplishment than to identify the homologues 
of these great plates among the rhomboid or circular scales of a scaled 
Ganoid. 

Leaving the anterior series of the ventral plates of Coocosteus and 
Dinickthys with the provisional interpretation given above, and passing 
to the posterior pair, we have still greater difficulty in following the lead 
of the great anatomists who have written on the affinities of the Placo- 
derms. 

It will be remembered that Mr. Parker says they may either belong to 
the post-clavicular cincture, or may represent the second pair of inter- 
clavicular bones of Syngnathus ; while Hnxley considers them the equiv- 
alents of the posterior pair of bones of the ventral shield of Zoricaria, 

* Monograph on the Shoulder-Girdle, Plate 11, Fig. 1. 
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etc., and these as corresponding to the so-called " radius." Commenting 
on this interpretation, Mr. Parker says : 

" Professor Huxley, in his invaluable ' Memoir on the Ganoids,' pp. 
34, 35, speaks of the interclavicle as ' the so-called radius ' (p. 35, Fig. 
21, d), but it has nothing to do with Professor Owen's ' radius,' which is, 
in reality, the coraeoid." 

Here there is evidently a little confusion, for Mr. Parker elsewhere 
(Monograph, p. 29, near bottom) says : " The large bones below are best 
seen in Fig. 21, p. 35 (Huxley's Memoir), where c is the huge interclavi- 
cle ; " whereas Prof. Huxley, on the page quoted above, compares the 
anterolateral piece (interclavicle of Parker) with the " coraeoid," and the 
posterolateral piece -with the so-called " radius." "With this " coraeoid " 
and " radius " matter we have, however, nothing to do further than to 
ascertain accurately Professor Huxley's view on the comparison of the 
ventral shields of Cocoosteus and Zorica/ria, and to discover in what 
points Mr. Parker dissents from that view. The facts seem to be as fol- 
lows : Professor Huxley compares the median plate of the shield of Coc- 
costeus with the urohyal of Zoricaria, the anterior paired plates of the 
shield of one with those of the other, and the posterior with the poste- 
rior. Mr. Parker, however, regards the anterior pair of the ventral 
plates of Cocoosteus as the equivalents of the posterior pair of Zoricaria, 
and both these as interclavicles ; the anterior pair in the Siluroids being 
supposed by him to be clavicles. 

To these conclusions I hesitate to subscribe, because if there is any 
homology between the ventral shields of Cocoosteus and Dinichthys, and 
those of our living Siluroids — and this is rendered highly probable, both 
by the resemblances which they present and by the very evident homolo- 
gies pointed out by Professor Huxley in the dorsal and cranial plates — 
the posterior pair of plates are, anatomically, the same in both groups. 

This is indicated \>j their like position and backward reach, and by the 
peculiar processes which form the posterior lateral angles in each. 

The position of these plates, as remarked by Professor Huxley, seems to 
be so far backward as to render it improbable that they had any connec- 
tion with the pectoral fins, and I venture to suggest that they were post- 
umbilical and held the same position as the third pair of plates in the 
plastron of Chelonians; and further that they represent the palmated 
"interspinous" bones of Codacanthus, and like them served as supports 
to the abdominal fins. 

If this is true, they belong rather to the pelvic, than to the pectoral 
arches, and by their size, form, and solidity, were prophetic of the more 
complete condition of the pelvic arch which characterizes the higher 
classes of Vertebrates. 
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I have frequently been asked by those examining the bones of Dinioh- 
thys, what was the probable size of this great fish % and what inference as 
to its habits could be drawn from its remarkable dentition ? 

To these questions, which will doubtless suggest themselves to the 
readers of the foregoing pages, I will attempt such answers as are deduei- 
ble from the facts in my possession. The size of the two species of 
Diniohthys was apparently about the same. This we infer from the rela- 
tive size of the corresponding bones; the mandibles, for example, having 
a maximum length of about two feet in both. 

The length of the body cannot be accurately determined from any facts 
yet obtained, as the caudal extremity was provided with no external or 
internal bony parts, which have been found. In all probability, it was, 
as in Ooooosteus, protected by a leathery skin, and the vertebral column 
was cartilaginous. 

We shall, however, find some traces of the interspinous bones, and the 
rajs of the caudal fin, by which the length of the body may be ascertained, 
as has been done in regard to Coooosteus. If we take the proportions of 
Coccosteus (the nearest known ally of Diniohthys) as our guide, we may 
estimate the length to have been fifteen to eighteen feet, and the diameter 
of body about three. 

In regard to the habits of Diniohthys, I think we may say with confi- 
dence that it was carnivorous. This is plainly taught by the dentition of 
D. Hertzeri, in which the mandibles and "maxillaries" are set with sharp 
teeth, which must have served to hold other fishes, perhaps the smaller 
ones, brought within the embrace of the formidable jaws. The cutting 
edges of the mandibles and "maxillaries" of D. Terrelli, are not so 
plainly indicative of a carnivorous habit, for some of the turtles are veget- 
able-feeders, with a dental apparatus similar in form and function too, though 
homologically different from that of this species of Diniohthys. Still, the 
huge anterior teeth, interlocking to a distance of three or four inches, 
would hardly have been used for any other purpose than for seizing and 
holding living, struggling prey. 

As the dentition of Lepidosiren is almost precisely that of Diniohthys, 
it is doubtless used for the same purposes and in the same way. And 
since this similarity of dentition indicates a general similarity of habit, it 
has seemed to me that we might perhaps learn something of the nature 
of the food of Diniohthys, and his mode of seizing and masticating it, by 
observing the habits of Lepidosiren. 

The fullest exposition of the anatomical structure of Lepidosiren will be 
found in Owen's Memoir, cited above, but this contains almost nothing in 
regard to its habits. The most satisfactory description of the life of ti:e 
animal is furnished by the Rev. J. G. Wood, in his " Natural II -'story." As 
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the information which he gives will doubtless be new to most readers, 
and throws some light on the manner in which the formidable dentition 
of Diniehthys was used, I venture to repeat here a portion of his interest- 
ing notes. After describing the appearance of Lepidosiren, he says : " The 
habits of this creature are very remarkable. Living in localities where 
the sun attains a heat so terrific, during a long period of the year, that the 
waters are dried, and even their muddy beds baked into a hard and stony 
flooring, these animals would be soon extirpated unless they had some 
means of securing themselves against this periodical infliction, and of 
obtaining, throughout the year, some proportion of that moisture for lack 
of which they would soon die. 

" When the hot season has fairly commenced and the waters have begun 
to lessen in volume, the Lepidosiren wriggles its way deeply into the mud, 
its eyes being so constructed that the wet soil cannot injure them, and 
the external nostrils being merely two shallow blind sacs. After it has 
arrived at a suitable depth, it curls itself round, with its tail wrapped 
partly over the head. A large amount of a slimy substance is then 
secreted from the body, which has the effect of making the walls of its 
cell very smooth, and probably aids in binding the muddy particles toge- 
ther. When the rains fall, the moisture penetrates rapidly through the 
fissures of the earth, cracked in all directions by the constant heat, reaches 
the cell of the Lepidosiren, dissolves its walls, and restores the inhabitant 
to life and energy. 

" Several Lepidosirens, or Mud fishes, as they are popularly called, were 
sent to the Crystal Palace, while still in their muddy nests, or ' cocoons,' 
according to the technical term, and in one instance, three specimens 
were inclosed in a single lump of hard mud, weighing, when dry, about 
twenty pounds. 

" On being immersed in water, the earthy cocoons fell to pieces, as if 
they had been made of sugar, and the imprisoned creatures were thus 
released. At first they were exceedingly sluggish, and hardly stirred, 
but after the lapse of an hour or two they became tolerably alert. * * * 
Finding that the Lepidosiren would rise to the surface of the water when 
a splash was made, the attendants used to feed it by paddling about with 
the finger, and then holding a piece of raw beef in the spot where the 
disturbance had been made. The creature used to rise deliberately, 
snatch the meat away, and, with a peculiarly graceful turn of the body, 
descend to its former resting place for the purpose of eating its food. 

" This mode of eating was veiy remarkable. Taking the extreme tip of 
the meat betweenits sharp :ui 1 strongly-formed teeth, it would bite very 
severely, the whole of the iiojiI seeming to participate in the movement. 
It then Reined to suck »!><■ •■■ ,,t a very little farther into its mouth, and 
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gave another bite, proceeding in this fashion until it had subjected the 
entire morsel to the same treatment. 

" It then suddenly shot out the meat, caught it as before by the tip, and 
repeated the same process. After a third such manoeuvre, it swallowed 
the morsel with a quick jerk. The animal always went through this 
curious series of operations, never swallowing the meat until after the 
third time of masticating. 

" After a while, it was thought that the water in which it lived was not 
sufficiently warm to represent the tepid streams of its native land, and 
its tank was consequently sunk in the north basin of the building, where 
the water is kept at a tepid heat for the purpose of nourishing the tropi- 
cal plants which grow in it. 

" It remained here for some time, and being deprived of its ordinary 
supply of raw beef, took to foraging for itself. The gold-fish, with which 
the basin was stocked, became its victims, and it was quite as destructive 
as an otter would have been. It had a fancy for attacking the largest 
fishes ; and though apparently slow in its movements, could catch any 
fish on which it had set its wishes. As the fish was quietly swimming 
about, suspecting no evil, the Lepidosiren would rise very quietly beneath 
it until quite close to its victim, just as the terrible ground-shark rises to 
take its prey. It then made a quick dart with open mouth, seized the 
luckless fish just by the pectoral fin, and with a single effort bit entirely 
through the skin, flesh, and bones, taking out a piece exactly the shape 
of its mouth, and then sinking to the bed of the basin with its plunder. 
The poor fish was never chased, but was suffered to float about in a half- 
dead state, and numbers of mutilated gold-fish were taken out of the basin. 

" Not choosing to supply a succession of gold-fish, out of each of which 
the fastidious creature would only take one bite, the superintendent be- 
thought himself of frogs, and fed the animal regularly with these ba- 
trachians. But having been warned, by the effect on the gold-fish, not to 
trust his fingers within reach of the teeth that could inflict such very 
effective bites, he got a long stick, cleft one end of it, put one hind foot 
of the frog into the cleft, and held it on the surface of the water, so 
that the struggles of the intended victim, should agitate the surface. 

" No sooner did the frog begin to splash than the Lepidosiren rose 
rapidly beneath it, seized it in its mouth, dragged it off the stick like a 
pike striking at a roach, and sunk to the bottom with its prey. Not a 
vestige of the frog was ever seen afterwards. 

As has been remarked elsewhere, no traces of scales have been found 
with the remains of Dinichthys, and it is almost certain that it was not 
provided with scales; in this respect, as in many others, resembling 
Coocosteus. 
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The departure from this structure exhibited by the scaled body of the 
Lepidosiren will suggest itself at once as a marked point of difference 
between them, but we find great diversity in the dermal defenses of 
fishes even within the same family ; for example, Pteriehthys and Coc- 
costeus seem to have been closely allied, yet the hinder portion of the 
body in one was scaled, in the other naked. 

Again, in the living Siluroids most are without scales or plates, the 
body being protected, as in our cat-fishes, only by a leathery skin ; yet, 
as we have seen, some genera of this family, as Arius, Sagrus, etc., have 
the region of the vital organs protected by large bony plates. 

A similar difference seems to prevail between the ancient and modern 
representatives of the genus Ceratodus. No traces of scales bave been 
found with the teeth of the Triassic species, while the living Ceratodus 
of Australia has the body covered with large scales, like those of Lepido- 
siren. 

Dtniohthys Terrelli, Newtx 

Charts V. and VI. 

Diniehthys Hertzeri, N., in part, Vol. I., Part II., p. 816, PI. 32, 33, 34. 
Diniehthys Terretti, ST., Vol. I., Part II., p. 332, note. 

As indicated in the above references, this species was named in a note 
appended to the description of Diniehthys Hertzeri in our first volume on 
Palaeontology. On the preceding pages some of the bones belonging to 
this fish were referred to as parts of D. Hertzeri, and some of the figures 
given to illustrate the text were ascribed to that species ; whereas, in fact, 
they represent bones of D. Terrelli. This confusion of the two species 
was occasioned by the circumstance that the most complete specimens 
found by Mr. Hertzer, at Delaware, consisted of the jaws and teeth, 
and for a long time almost nothing was known of the plates of the head 
and body of the Delaware species. Singularly enough, it happened that 
all the specimens found on the Lake Shore by Prof. Allen and Mr. Ter- 
rell during two years subsequent to the discovery of the first bone there, 
were cranial and body plates. Hence, the material for the diagnosis of 
the species was not in my possession, and all the bones from both localities 
were ascribed to D. Hertzeri. 

The most characteristic features of Diniehthys Terrelli have been inci- 
dentally mentioned on the preceding pages ; no extended description of 
the species is therefore required here. A concise review of its structure 
is, however, desirable for its more accurate definition, and to bring out 
the characters in which it differs from D. Hertzeri. Such a review is 
given below. 
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Cranium. — The form and dimensions of the cranium in D. Terrdli 
have not yet been fully made out, though several heads have been found, 
and one of these is figured, credited to D. Hertzeri, in Yol. I., Plate 33. 
This shows only the posterior half. The anterior portion seems to have 
consisted, originally, of several bones united by cartilage, for they are 
always found dismembered and displaced. This is also the case with the 
crania of the congeners of Dinichthys — Asterolepis and Heterostius — of 
the European Devonian. There was, however, a bony shell over the con- 
necting cartilages, and, sooner or later, the head will, doubtless, be found 
so complete that its form and the homologies of its component plates can 
be fully made out. This I infer from the fact that a head of Diniehthys 
Hertzeri was found by Mr. Hertzer at Delaware, forming the nucleus of 
a large concretion, and retaining nearly the natural position of all its 
parts. The length of the head cannot be accurately determined, but it was, 
probably, about three feet. Its width, at the broadest part, was, perhaps, 
two feet. The largest cranium of D. Terrelli, found at Sheffield, 
measures thirty inches, from angle to angle, across the occiput. 

The surface of the cranium was, as we know, gently arched, and, in its 
general aspect, smooth. The external surface everywhere shows a fine, 
almost microscopic figure, or grain, but nothing of the tuberculation com- 
mon to all other known Placoderms. It is also marked, like Coccosteus, 
by a series of linear furrows which form a kind of Arabesque pattern. 
Whether the bones of the head of D. Hertzeri were similarly ornamented 
we have not yet learned, as the plates of the head, which has been 
referred to, and the only one found, are so much exfoliated that the_y show 
no markings. 

The bones composing the cranium of D. Terrelli have rarely been 
found disarticulated. We are therefore unable to compare them in de- 
tail with those of D. Hertzeri, or those of other Ganoids. It is evident 
that in the living fish they were firmly soldered together, and formed a 
brain-case impenetrable to even the formidable dentition with which it 
was associated. 

The occiput was symmetrically arched, the center, or keystone of the 
arch being formed by the Supra-occipital. This bone "is triangular in 
outline, with a prominent point projecting from the middle of its longest 
and posterior side. In its central part it is sometimes three inches in 
thickness ; below it is excavated on either side for articulation with the 
" ossa articularia capitis " (Epiotics ?), and behind it slopes downward 
and shows a broad, deep, and partially double pit. In D. Hertzeri, the 
posterior margin of this bone is more nearly vertical, and bears at its cen- 
tral point a pyramidal projection, as does the corresponding bone in He- 
terostius ; anterior to this, and on the under surface of the thickest part, 
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is a single or double depression, also like that in Heterostius. This is the 
hone called by Pander os occipitale medium. 

The lateral angles of the head are formed by what Pander calls ossa 
articularia capitis, shown in Figs. 3a, 3b, and 4, of Plate 34, Vol. I. 
The posterior angle of this bone is excavated to form a deep, somewhat 
conical socket, into which fits a strong condyle projecting from the mid- 
dle of the Supra-scapula (Post Temporal), making one of the most com- 
plete joints known in the animal kingdom. It is strengthened by a 
guard, or rest, which projects like a flattened thumb, from the margin of 
the socket, backward, beneath the Supra-scapula. In all the specimens 
yet found the " os artieulare capitis " is so firmly united to the other 
bones of the cranium that its outlines cannot be accurately determined. 
I have supposed that it represented chiefly the Epiotic, but it may also 
represent this bone inseparably blended with the squamosal and parietal 
bones. Future discoveries will probably afford the means for deciding 
this question. 

Dentition. — The " premaxillaries " in D. Terelli are triangular in out- 
line, but are narrower than those of D. Hertzeri. They terminate below 
in a sharp but strong point. The upper margin, instead of being flattened 
and laminar, as in D. Hertzeri, is thickened, and the posterior lateral 
angle sometimes becomes a massive knob. The central position of the 
upper margin is excavated, forming a kind of socket. The exterior sur- 
face of the " premaxillaries " is smooth, and without the line of tubercles 
which ornament those of D. Hertzeri. The inner side is concave and 
frequently much worn and excavated by the prominent extremity of the 
mandible, over which it shuts. Front and lateral views of a complete 
" premaxillary " of medium size, are shown in Figs. 1 and 2, of Chart V. 

The " maxillaries " are oblong with the angles somewhat rounded. 
The upper margin recedes, and near the anterior extremity bears a flat- 
tened process an inch or more in length. The external surface is slightly 
arched in both directions ; it is nearly smooth, but along the lower mar- 
gin, shows a band of low, flattened ridges (enamel folds). The interior 
face is concave, and on the lower margin, which is always sharp, it is 
more or less worn by contact with the kpife-edge of the mandible upon 
which it plays. Figures representing the internal and external aspects 
of a " maxillary " of D. TerreUi are given in Chart V. (Figs. 3 and 4). 

The " maxillaries " of D. Hertzeri are less quadrangular in form than 
in D. TerreUi, the lower margin being considerably the longer. They 
are also thinner and flatter, and are set with sharp, conical teeth. 

The mandibles of the species under consideration have a maximum 
length of about two feet, the largest complete one in my posses- 
sion being twenty-two inches in length. Two others which I have 
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are smaller, being respectively eighteen and twenty inches long, but 
both these are much worn, as though belonging to mature individ- 
uals. In all these the form is essentially the same, the anterior ex- 
tremity is turned up, and terminates in a strong, acute, tooth-like 
projection. This is much worn, and was maintained in a sharp state 
by friction with the " premaxillary," into the concavity of which it 
enters. Behind this great tooth is a triangular, flattened projection, 
formed by a ridge on the inside of the mandible. Back of this, the 
upper margin of the mandible, for about six inches, is sharp, and is com- 
posed of dense, enamel-like tissue. At the posterior end of this sharp 
edge tubercles may frequently be discovered, which seem to be the rudi- 
mentary representatives of the teeth that surmount the margin of the 
mandible in D. Hertzeri* Usually the edge of the mandible is worn 
and sharp, from contact with the maxillary. The outline of this portion 
of the mandible is not all shown in Fig. 6 of Chart Y., as both the 
triangular denticle and the cutting edge are broken away. 

From the posterior end of the knife-edge of the mandible, a distinct 
shoulder runs in a curved line downward and forward to the beginning of 
the anterior curve. Above and before this shoulder the mandible is thick and 
massive, and was, evidently, never covered. The surface is nearly smooth, 
but shows everywhere the fine, granular reticulation which characterizes all 
the external surfaces of the bones of Dinichthys. The great terminal 
" tooth " is smooth, and wants the line of tubercles found on this part of 
the mandible of D. Ilertzeri. The posterior portion of the mandible is 
flattened and smooth ; in outline it is more spatidate than the correspond- 
ing portion of this bone in the other species, and is more turned up. All 
this part, as far forward as the shoulder referred to above, was, evidently, 
once covered with integument, or spliced on to the cartilage which formed 
the articular extremity. The more prominent characters mentioned in the 
above description will be seen in the full-sized figure of a mandible of D. 
Terretti, represented on Chart Y. (Fig. 6). 

Body Plates. — The dorsal shield of D. Terrelli is so well shown in 
Fig. 5, Chart Y., that no lengthy description is required of it. In the 
mature individual it is about two feet in length and breadth, one side 
being evenly rounded, the opposite one irregularly emarginate. Trans- 
versely, it is strongly arched; in its antero-posterior diameter, nearly 
straight. The external surface is smooth or granulated. Below, it bears 
along the central line an elevated, compressed ridge, which, at the curved 
margin of the shield, rises four inches from the inner surface, and has a 

* A precisely similar crenulation is visible on the corresponding portion of the lateral 
dental plates (" maxillaries ") of Lepidosiren. 
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maximum thickness of about one inch. It projects beyond the curved 
border from six to eight inches in a flattened neck. 

As has been before stated, the dorsal shield of D. Hertzeri is, as yet, 
imperfectly known. Two incomplete specimens, which I have, indicate 
that it was of nearly the same general size and form as that of D. Terrelli; 
but the neck-like projection is relatively much shorter, as though cut off, 
obliquely, from above. 

The Supra-scapulas (or Post Temporals) of Diniehthys Terrelli are 
somewhat imperfectly represented in Figs. 1, la, 2, 2a, of Plate 34, Vol. I. 
They are flattened, triangular, or trapezoidal bones, about one foot in 
length by eight inches in width at the broadest part. They are thickest 
in the middle, where the exposed portion is comparatively small, and thin 
off on either side, where they are overlapped by other plates. Near the 
center of the thickest border a strong, flattened condyle is obliquely set, 
which fits into a deep cavity in the os artioulare capitis. 

The exposed portion of the Supra-scapulas, like the cranial surface, is 
marked by simple, linear furrows, which form some large pattern of orna- 
mentation, as yet not fully made out. 

The Plastron or ventral shield of Diniehthys Hertzeri is represented 
nearly complete, and of the natural size on Chart YI. The inside of the 
bones composing it is there shown. In the smaller diagram on the same 
chart, these bones are represented in position and seen from the outside. 
This shield is composed of five flat bones ; two pairs and an elongated cen- 
tral one, which is interposed between them. The central plate is some- 
what overlapped by the lateral ones, and when all are in their normal posi- 
tions, the shield is twenty inches wide, and about three feet in length. 
The exposed surfaces of these bones are granulated, like those of the head, 
and the hinder pair are marked with the peculiar linear furrows seen on 
the bones of the cranium and the Supra-scapulas. The homologies of 
the bones of the ventral shield, and their correspondence with those of the 
ventral shield of Coceosteus have been discussed in the general descrip- 
tion. The exterior margins of the anterior pair of plates (pre-ventro late- 
rals, of Owen) show contact with other plates, and it is almost certain that 
the sides of the body between the dorsal shield and Supra-scapulas, and 
the ventral shield, were defended by plates of some kind, but none have 
yet been found that can certainly be referred to this position. Among 
the specimens collected at Delaware by Mr. Hertzer, and appertaining to 
D. Hertzeri, is one imperfect triangular plate, nearly three feet in length, 
and one foot wide at its broadest end. This, I have thought, might have 
occupied the side of the body, as there seemed no other place for it, but its 
location is yet only conjectural. JSTo such plate has been found entire in 
connection with the remains of D. Terrelli, but a large number of frag- 
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ments of plates have been collected, some of which may have belonged to 
this region of the body. 

Clavwles ? — Reference has been made, on a preceding page, to the dis- 
covery by Mr. Jay Terrell of most of the bones of one large individual of 
Diniohthys Terrelli, lying together, but not in apposition. The more im- 
portant of them are figured on Charts V. and VI., but with these are found 
several bones which have not yet been described. Two of them, form- 
ing a pair, are apparently Scapulo-coracoids (Clavicles, Parkqr). These are 
nearly two feet in length, and very massive. They are considerably 
curved in outline, about six inches broad in the widest part, toward the 
other extremity narrow and forked. The external surface is granulated 
like the bones of the head. 

There are also two other plates of which the places are not yet deter- 
mined. Of these, one is eighteen inches in length, seven inches wide in 
the middle, where it is broadest, and narrowing to the extremities, which 
are subacute. One of the sides is nearly straight, the other arched. 

Only the central portion of this bone was exposed, as all the mar- 
gins, except the straight one, are deeply impressed by the associated plates 
which broadly overlapped it. Whether this formed part of the defenses 
of the body, or protected the side of the head cannot yet be certainly 
told. Another plate found with this, is elliptical in outline, fifteen inches 
long (and incomplete at both ends) by ten inches wide. It is thin, flat, 
and without ornamentation. "We may infer, from its symmetry, that it 
was placed on the median line. It is probable, also, that it was located 
on the under side of the body, but whether before or behind the ventral 
shield, remains to be determined. 

With one of the heads of D. Terrelli, found at Sheffield, were two 
bones, forming a pair, which apparently correspond, to those figured by 
Hugh Miller aud Prof. Pander in their illustrations of Asterolepis, and 
called by the latter, ossa anteriora lateralia capitis. They are rudely 
triangular in outline, the broader side very thick. They were probably 
set on either side of the head near the muzzle, and formed the supports 
of the maxillaries. 



Gentjs COCCOSTEUS, Agass. 

COCCOSTEUS OCCIDENTALIS (n. Sp.). 
Plate Lin., Figs. 2, 2 a. 

Posterior dorsal plate somewhat urn-shaped in outline, four inches in 
length, one and a half inches in breadth, broadly emarginate above and 
terminating posteriorly in a long, acute, smooth, styliform point. The 
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anterior half of the upper surface is mostly smooth. The posterior half and 
margins of the anterior portion are set with relatively fine crowded tubercles. 

The specimen now described gives us the first intimation of the exist- 
ence of the remains of Coccosteus on the North American continent. 
This was obtained by Mr. J. H. Klippart from the Corniferous limestone 
at Delaware, Ohio. It is plainly the post-dorsal shield of a Placoderm, 
and corresponds so closely in size, form, and markings with the terminal 
shield of the carapace worn by some species of Coccosteus that I have 
little hesitation in referring it to that genus. The resemblance to which I 
refer will be seen by comparing the figure of the fossil now described 
with that of the dorsal plate of Coccosteus cuspidatus, Agass., on the same 
plate and drawn from a specimen recently received from Scotland. A 
single rhomboidal pkte shown on Plate LIV., Fig. 2a, may be the central 
plate of the ventral shield, but unfortunately only its inner surface is 
shown, and from this ws should be unwarranted in pronouncing it a plate 
of Coccosteus. There is good reason, however, for believing this to be 
the case. It certainly does not belong to the bony structure of any of 
the more common fishes of the Corniferous limestone, and its symmetri- 
cal form indicates that it held a central position in the ventral shield of 
some Placoderm allied to Pterichthys and Coccosteus. 

For comparison with this, representations of the external and internal 
surfaces of the ventro-median plate of Coccosteus are given in Figs. 4, 
4 a of Plate LIV. 

The discovery of the remains of Coccosteus in the Devonian rocks of 
America is a fact of interest as adding another to the forms of ancient life 
common to the old and new worlds ; but it has been long expected, and, 
since this is one of the most characteristic fossil fishes of the OH Ked 
Sandstone of Scotland, and has been met with in Kussia and Bohemia, 
its absence from all collections of fish remains heretofore made in this 
country has been a matter of some surprise. I have offered an explana- 
tion of this absence, however, in the Palaeontology of our first volume, by 
suggesting that the fish remains found in the Old Red Sandstone of Scot- 
land were taken from a different member of the Devonian system, and 
from deposits of a different character from that — the Corniferous lime- 
stone — which has furnished most of our Devonian fishes. The Cornifer- 
ous limestone is the central member of the system, and is an open sea 
deposit, while much of the Old Red^Sandstone is of later date, and is a 
shore deposit, formed either in fresh water, as supposed by Prof. Ramsay, 
or in bays or gulfs. I have suggested, therefore, that the remains of Coc- 
costeus, Pterichthys, and the scaled Ganoids, Osteolepis, Dipterus, etc*, as 
well as the Acanthodeans, so common in Europe, and heretofore aot 
found in this country, would probably be discovered in the Catskill and. 
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Chemung rocks, where they should be carefully searched for. This pre- 
diction has been verified, as far as regards Dlpterus, by the recent discov- 
ery, by Mr. Andrew Sherwood, of a species of this genus in the Catskill of 
Pennsylvania. 

The finding of Coccosteus in the Corniferous limestone of Ohio is a 
fact which will be regarded as discordant with the view that this was a 
fresh water, or shore-inhabiting fish ; but the discordance is more appar- 
ent than real, for the specimen now figured is unique in all the great 
collections of fish remains made from the Corniferous limestone during 
the last twenty-five years. 

This indicates the rarity of this fish in the sea of the Devonian age, and 
the presence of its bones, in this one instance, in the sediment of that sea, 
must be looked upon as an exceptional fact, like the finding of the floated 
trunks of tree ferns in the same formation and locality. The open sea 
was evidently not the home of Goecosteus, either in America or in Europe. 
The discovery of its remains here proves that it had a home in the West- 
ern Hemisphere, but we have not yet found it ; and the probability is 
strengthened, that if sought in the shore and off-shore deposits of the 
Chemung, Catskill, and Vespertine of Pennsylvania and New York, the 
remains of Coccosteus will be met with in greater abundance than any- 
where in the Corniferous limestone. We may also look there for the 
associates of Goecosteus in the old world — Pterichthys, Cep/ialaspis, 
Acanthodes, etc., — as the unity of the Devonian fauna is such that we 
may expect to find in America representatives of all the more common 
genera of the European Devonian rocks. 

In his interesting paper on Geratodus Forsteri, Dr. Gunther proposes 
to group the Ganoids and Elasmobranchs together in one sub-class, to which 
he gives the name of Palmichthyes ; thereby indicating their antiquity. 
He also makes the generalization that the Elasmobranchs were the 
marine, and the Ganoids the fresh-water fishes of ancient times. With 
this latter view, I cannot coincide, as I have elsewhere shown that in the 
Devonian age the Ganoids far surpassed the Elasmobranchs in number 
and size, and that they were the rulers of the seas as well as of the rivers 
and lakes. This is proved by the abundance of the remains of the great 
Ganoids, Onychodus, Maeropetalichthys, etc., in the Corniferous lime- 
stone, which is unquestionably a marine formation ; and by the few and 
small relics of Elasmobranchs associated with them. Among the many 
thousands of fish remains from the Corniferous limestone, which I have 
examined, I have seen very few that could be referred to the group of Elas- 
mobranchs. In the Carboniferous sea a different state of things prevailed. 

There the Elasmobranchs were numerous and powerful ; while in this age 
the Ganoids were almost exclusivelv confined to the shores and inland waters. 



FOSSIL FISHES. 35 

CHONDMOSTEIDsE (?). 
Genus ASTEROSTEUS (nov. gen.). 

Of this fish the cranium only is known, and of this all the specimens 
yet obtained are incomplete. The head was apparently long and narrow, 
the sides nearly straight, broadening suddenly in the occipital region. 
The posterior margin of the cranium shows two broad arches — one on 
either side of the median line — in which the cranial bones are deeply ex- 
cavated, as though for muscular attachment. The sknll is terminated be- 
hind by two conspicuous rounded projections having the aspect of con- 
dyles, but which, so far as can be seen, show no articulating faces. The 
upper surface of the cranium is covered with relatively large, beautifully 
stellate tubercles, which vary considerably in size. Toward the nasal ex- 
tremity are two linear furrows which diverge from the middle line of the 
cranium, and inclose two strongly-marked elliptical pits that closely re- 
semble the nostrils of some reptiles. In none of the specimens of this 
peculiar fish yet obtained, have the outlines of the cranial plates been dis- 
tinguishable ; the surface being covered by a sheet of tubereulated enamel 
by which the sutures are entirely concealed. On the sides, the cranium 
is somewhat beveled off, as though for the attachment of some coria- 
ceous or ligamentous appendage, or perhaps for co-adaptation to lateral head 
plates; none of which have, however, been found. The dentition of As- 
terosteus is quite unknown, as no jaws or teeth have been discovered with 
its remains. 

The figure given on Plate LIV. will show better than a description the 
general aspect of this singular cranium, and there are certain features 
which it reveals, that will strike the most casual observer. These are the 
condyle-like posterior projections of the skull, and the strongly marked 
nasal pits. Until more material shall be accumulated for determining its 
structure and relations, it would be presumptuous to make any comparisons 
between this fish and other known living ov fossil forms, but the reptilian 
aspect of the cranium will not fail to be noticed by all who shall see the 
figure now published. So far as yet known no reptiles existed in the 
Devonian age, and the reptilian features presented by Asterosteus are per- 
haps merely superficial resemblances, but there is little doubt that if 
found in rocks of a later date, this would be considered (until proof to the 
contrary were gathered) the cranium of a reptile or amphibian. Though 
a number of crania of Asterosteus have been obtained in the Corniferous 
limestone of Ohio, none of them show either jaws or teeth, and it is quite 
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possible, therefore, that we have in this fish an ally of Macropetalichihys, 
and thus, perhaps, a Chondrostean in which, as in the sturgeon, the sides 
and lower portions of the head were protected simply by a leathery integ- 
ument. Future discoveries will doubtless make more plain what is now 
so obscure in the structure of this fish. 



. ASTEROSTETJS STENOCEEHALTJS (n. Sp.). 

Plate LIV., Pig. 1. 

Head 8 inches or more in length, by 2£ inches in width, except 
at the occiput, where it suddenly widens and becomes 4 or 5 inches 
broad. It terminates posteriorly in two excavated arches, of which 
the surface is roughened, apparently for muscular attachment. Pro- 
jecting behind and below these arches are two bony condyloid prom- 
inences an inch or more in length. The upper surface of the cranium is 
somewhat irregularly covered with stellate tubercles which vary in size 
from one-eighth to one-twentieth of an inch in diameter. The sides of 
the cranium are somewhat beveled and roughened, and are traversed by 
an irregular line of relatively large tubercles. Near the anterior end the 
head seems to be suddenly narrowed, and just at this point it bears two 
deeply impressed, elliptical, nasal (?) orifices, placed side by side, somewhat 
divergent forward, and having a length of 5 lines and a breadth of 2 
lines. The dentition is entirely unknown, as also the covering of the 
body. 

* 

Formation and locality : Corniferous limestone, Sandusky and Delaware, Ohio. 



GEPHALASPID^E ft 'J 

Genus ACANTHASPIS (nov. gen.). 

This name is used to designate certain cranial bones of what seems to 
have been a Cephalaspid, found in the Corniferous limestone of Ohio. 
Considerable variety is noticeable in the shape of these plates, and it is ap- 
parent that they formed parts of a tessellated cranium. They are generally 
somewhat oblong in form, the greater part of the plate being quadrangu- 
lar, while one of the margins is oblique and prolonged into an acute 
point, and to this margin is spliced a carinated, toothed spine, sometimes 
four or five inches in length. These spines bear considerable resem- 
blance to the dorsal spines of some extinct sharks. They might, indeed, 
under some circumstances, be accepted as the spines of Gtenaocmthus, 
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since they are marked with pectinated ribs much in the same way, bnt 
their attachment to bony plates and the denticulation of both sides of the 
pointed extremity shows distinctly that they have only a superficial resem- 
blance to the defensive spines of Elasmobranch fishes. "When complete 
and seen in position they reveal their affinities with the lateral coi-nua of 
the cephalic buckler of Cephalaspis. The external surface of the plates 
to which these spines are attached is marked with a conspicuous and 
peculiar ornamentation, much like that of Bothriolepis, a series of con- 
voluted, locally parallel, raised and beaded lines. As the eranial plates of 
Aeanthaspis have never been found in connection, it is impossible to give 
at present the form of the cranium, but they are seen to be in pairs, and 
it is highly probable that when united they formed a rounded head-buck- 
ler which differed from that of Cephalaspis mainly in being composed of 
a series of separable plates, instead of forming a solid box. 



AcANTHASPIS ABMATUS (n. Sp.). 
Plate LV., Pigs. 1-6. 

Cranium consisting of a number of bony plates, forming several pairs, 
and differing considerably in outline. To at least one of these pairs are 
attached, on the outer margin, strong, slightly curved, carinated, tubereu- 
lated and toothed spines. The external surface of the plates is covered 
with convoluted or radiated raised lines, which are more or less tubercu- 
lated. 

Several cranial plates of this species are represented in the figures now 
published, and these will give a better idea of their form and marking 
than any verbal description can do. These plates, and the spines which 
are connected with some of them, are frequently met with in the Cornif- 
erous limestone of Sandusky and Delaware, but, like the cranial plates of 
Onychodus, they seem to have had no bony attachment to each other, 
and, in the dissolution of the body of the fish which bore them, they have 
been widely separated. There is little doubt that, sooner or later, some 
cranium will be found in which the bones hold their normal positions, 
and, from such a specimen, a more complete description of the fish can he 
drawn than can now be given. Waiting the discovery of such complete 
material, the plates now figured will, doubtless, be looked upon with inter- 
est, and will stimulate the search for more remains of what has hitherto 
been an entirely unknown Devonian fish. 

Figures 1 and 2 of Plate LV. represent a pair of plates which occupied 
corresponding positions on opposite sides of the head (?) of, perhaps, the 
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same individual. In these plates the external markings are nearly oblit- 
erated, slight traces, only, of the tuhereulation remaining. 

Fig. 3 shows a similar plate, in which the surface-markings are some- 
what more distinct, and the suture between the plate and the attached 
spine is plainly visible. 

Fig. 4 gives an inside view of a plate which, like the preceding ones, 
carries a spine, but its form is quite different. A number of such plates 
have been found with those having the shape of Figures 1, 2, and 3, so that 
I have supposed them all to belong to the same species. The spines 
attached to the smaller plates were, appareiitl}', without denticles. 

The plate represented by Fig. 5 has a different outline from either of 
those before mentioned, but they are often found together, and the tuber- 
culation, though stronger in Fig. 5, is essentially the same as in Fig. 3. 
Fig 5 a represents a portion of the surface of Fig. 5, slightly magnified. 

Fig. 6 shows the inner face of a plate like Fig. 3, without its spine. 

Formation and Locality : Corniferous limestone, Sandusky and Delaware, Ohio. 



Genus ACANTHOLEPIS (uov. gen.). 

Among the many fish remains found in the Corniferous limestone, 
there are none more puzzling than those to which the above name has 
been given. They consist of tuberculated cranial or dermal plates, which 
have a prevailing spatulate outline, but which differ very much among 
themselves in form and consistence. Some are thin and have somewhat 
the appearance of large, elongated, unsymmetrical scales. Others are 
stronger, and are produced into points that sometimes become spines. 
The surface of all these plates is more or less tuberculated ; the tuber- 
cnles in some of them being strong and closely crowded, in others sparse 
and fine. Whether these are body scutes or cranial plates remains to be 
shown by farther discoveries. That they form parts of a somewhat ex- 
tended series is shown by the fact, that, in some instances, two or more 
are found occupying nearly their true position as regards each other. 



ACANTHOLEPIS PUSTULOSUS (n. Sp.). 

Plate LVL, Pigs. 1-li. 

Cranial or body scutes, having a somewhat spatulate form, and attain- 
ing, in some cases, a length of seven or eight inches, with a width of two 
inches. These scutes were set contiguous to each other to form a defense 
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to the body or head; the more elongated ones becoming real curved 
spines, similar in general character to those of Acanthasjjis, but differing 
in this, that they are not united by sutures with flat bones or plates, 
but are the extremities of such plates drawn out into spines that must 
have projected from the general surface. The broader plates are quite 
thin and seem to have been applied to flat or arched surfaces, while 
those which form spines have their remote extremities narrowed and 
thickened till they become prominent and effective defensive organs. In 
some instances the plates are triangular in outline and seem to have been 
thin cones of bone or enamel, supported by cartilaginous centres. As 
the latter are decomposed, the sides, which were once widely separated, 
are brought together, or crushed in like broken shells. 

The external surface of these plates is tuberculated in a variety of ways. 
In some instances the tubercles are large, scattered, smooth and round, 
and resemble pustules. In other cases they are irregular and crowded ; 
while occasionally they are in regular rows ; the interstices between them 
being beautifully chased and ornamented. Along the margins of the 
spinous extremities of the plates, the tubercles are elongated until they 
become conical denticles. In a paper published by the writer some years 
since in the " Bulletin of the National Institute " at Washington, descriptions 
were given of a number of fish remains obtained at Delaware, Ohio, 
by the late Dr. Mann. Among these, three species of " Oracanthus " 
were described, viz. : 0. fragilis, O. granulatus and 0. dbbreviatm ; all 
of which I now believe to be simply phases of the varied scutes of 
Acantholepis. Some of the triangular ones seem to have resembled, in 
form and function, the dermal spines of Climatius, Parexus, etc., and it 
is quite possible that they were set in greater or less number on the body. 
In the reduced outlines, shown in Fig. 1 b, the relative positions of 
two pairs of the larger scutes were given, and we may infer from these 
that they were set along certain lines, more likely on the body than head 
(since, except laterally, they show no signs of contact), just as the dermal 
scutes are placed in Accipenser. 

Much more material will be required before we can reconstruct Acan- 
tholepis, but its remarkable scutes are so frequently met with in the 
Corniferous limestone, that it is evident it was numerously represented 
in the Devonian sea. Future discoveries will, unquestionably, give us 
the full information about it which we crave, but which is as yet beyond 
our reach. 

On Plate LVL, Figs. 1, 1 «, represent a large pair of plates in their rel- 
ative positions. A number of pairs of this kind have been found, though 
the individual plates are oftener met with entirely separated from their 
connections. The extremity of Fig. 1 is not quite complete. Other speci- 
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mens show that it was produced to a moderately acute, flattened point. 
This narrow end was beautifully denticulated, was tuberculated on both 
sides, and evidently projected from the body or head as a defensive spine. 

Fig. 2. represents the inside of a scale-like scute, which was probably 
attached by its entire under surface. At the narrow end the bone is 
removed, revealing the impressions of the tuberculation of the outer sur- 
face. 

The original of Pig. 3 is a small scute corresponding to 1 a ; though 
drawn out to an acute point it was not a spine. 

Figs. 4, 5, 6 represent broader and narrower spine-like scutes, which I 
have reason to believe belonged to the same species with the scutes from 
which Figs. 1, 2, and 3 are drawn. Specimens of intermediate character 
seem to unite them all together. 

Formation and locality : Cornif erous limestone, Sandusky, Kelly Island, Marble Head 
and Delaware, Ohio. 



FOSSIL FISHES. 41 



FISHES OF THE CARBONIFEROUS SYSTEM. 



MARSIPOBRANCHII (?) 

" CONODONTS." 

Plate LVII. 

In the first volume of this Eeport reference was made in several places 
to certain minute, comb-like or tooth-like organs, found in great numbers 
in the Cleveland shale of the Waverly group at Bedford, Cuyahoga 
county. They are from one-twentieth to one-fourth of an inch in length, 
and usually consist of a narrow, compressed, slightly arched base, from 
which spring numerous flattened denticles. These are generally long 
lance-shaped, and very acute at the margins and summits (see Figs. 1, 2, 
12, 14, 16, 18, 19, 20). 

Occasionally they are in part rounded and obtuse (Figs. 3, 9, 10, 15), 
but much oftener are acute and somewhat subulate. A not uncommon 
form is represented by Figs. 4 and 8. In this variety the base is elon- 
gated and narrow, in a few cases rod -like, and but slightly curved. From 
this base rises a series of denticles of nearly uniform size, connected by 
coal eyeing intermediate ones of two-thirds their height; the whole form- 
ing a fin-like margin or wing. Still another variety is seen in Fig. 1. 
In this the teeth are fine and closely approximated, and the organ has a 
wonderful likeness to an elongated comb. 

The material of which the Conodonts a*e composed is slightly translu- 
cent, horn-like in color, and closely resembles the enamel of many teeth. 

The number of these objects is immense, and the variety of form 
which they exhibit, is but imperfectly shown in the figures now given. 
In regard to their zoological relations it is as yet quite impossible to 
speak with certainty. The Conodonts found by Prof. Pander in the 
Lower Silurian marls of St. Petersburg, Eussia, were considered by him 
to be the teeth of small sharks. This conclusion has not been generally 
accepted by other palaeontologists, though no perfectly satisfactory expla- 
nation of their zoological relations has been offered. Prof. Owen (Pale- 
ontology, p. 116), discusses their structure and affinities at considerable 
length, and concludes that " they have most analogy with the spines, 
hooklets, or denticles of naked mollusks, or annelids." 
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When Conodonts were first found iti Ohio, I submitted them to Prof. 
Agassiz, who pronounced them the teeth of Selachians. 

Prof. E. S. Morse, one of the best living authorities on the structure of 
invertebrate animals, to whom they were referred as possibly the teeth of 
naked mollusks, such as Doris, JEolis, etc., said that they bore a strong 
resemblance to the teeth of mollusks, and might have belonged to the 
progenitors of some of our living forms. 

The late Prof. Win. Stiuipson, one of our most learned and accurate 
zoologists, and one who had given special attention to the Crustacea, 
after examining a large number of Conodonts, gave the opinion that 
they might very well be the lingual teeth of mollusks, but they could not 
have formed the dentition or spinous armament of any Crustacean. 

The Conodonts found by Prof. Pander were submitted by him to 
chemical analysis, and he found them to be composed of carbonate of 
lime. English chemists have found in them traces of phosphate of lime. 

Under the microscope they are shown to be composed throughout of 
concentric layers of fine, structureless, but punctate tissue, not exactly like 
that of the teeth of any living fishes; though their peculiarities of struc- 
ture are not such as necessarily to exclude them from that class. 

It has also been suggested by some zoologists that these singular bodies 
are the teeth of Cyclostomous fishes, and by others that they are dermal 
ossicles. These different theories will be briefly noticed in order. 

1. That the Conodonts were not the teeth of Selachians seems to me 
almost certain, from their small size, their peculiar forms, and the homo- 
geneity of their composition. In all known sharks the teeth are com- 
posed of two distinct portions, the crown and the base. Of these the first 
is the only part exposed, and it is formed of very dense tissue (den- 
tine), traversed by radiating and ramifying canals, and is covered with 
enamel. In the center is a pulp cavity, or less dense cancellated 
tissue. 

The base is usually composed of rough, more or less porous, bone. This 
is sunk in the integument and adheres to the cartilaginous jaw by strong 
lio-amentous attachment. The line of demarcation between the crown 
and base is generally well marked, and when the teeth are fossilized, the 
soft base has often perished, while the hard crown remains unchanged. 
Jn the Conodonts, on the contrary, the crown and base are similar in 
composition, or, rather, they have no base such as sharks' teeth exhibit. 
From the form of their inferior margins we may infer that they were im- 
planted in soft tissue, like the teeth of mollusks, the hooks of annelids, 
etc., and were not set on jaws. 

2. Excluding the theory that they were the teeth of sharks, the range 
of possibility in their affinities is still great. They may, as suggested 
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by Owe.i and Morse, be the teeth of mollusks, for they strongly resemble 
them in their peculiar and varied forms and their chitonous composition, 
but if the teeth of mollusks, these must have been shelless, for no mol- 
luscous shells have been found in the formation which contains them, 
and it would be somewhat singular if the Molhisca wore represented in 
the sea from which the Huron shale was deposited, only by naked species. 

3. In the first volume of this Eeport I ventured to suggest that the 
Conodonts might be the dermal ossicles of ancient fishes. Among the 
Elasmobranchs there are some of which the external surface is protected 
by a shagreen composed of divergent, acute ossicles, not very unlike 
some of the Conodonts in form and composition. "We know of no sha- 
green, however, composed of such neat, regular bodies as the Conodonts 
are, and the conjecture that they may be the shagreen of sharks is as yet 
supported by little evidence. 

I also called attention to the fact that the scutes of the Sturgeon, about 
and within the branchial apertures, have almost exactly the outline of the 
simpler Conodonts, but further observation has led me to consider this 
resemblance as accidental, and without zoological significance. 

4. Waiting further evidence of the nature of these interesting organs, I 
take the liberty of offering, as a possible and plausible explanation of the 
enigma, the theory that they are the teeth of Cyclostomous fishes. If 
any one will take the trouble to compare the Conodonts with the teeth of 
Myxine and Bdello stoma, he will find a very close and remarkable sim- 
ilarity between them. Indeed, except that they are very much larger, 
the teeth of Bdellostoma pol/ytrema are almost exactly like the Cono- 
donts represented in Figs. .12, 14, and 16. The teeth of Myxine gluti- 
nosa are even more like these in size and delicacy of structure, and 
scarcely less so in form, than those of Bdellostoma. In composition and 
internal structure, the teeth of the modern Marsipobranchs seems to be 
almost identical with the Conodonts, and the resemblances which they 
present are throughout so strong that few will make a comparison between 
them without being convinced that they are nearly related zoologically. 
From the low place held by the Marsipobrmichii in the zoological scale 
we might naturally suppose that they existed in considerable numbers in 
the Palaeozoic seas, and it has been a matter of some surprise that no 
traces of them have been heretofore recognized in any ancient strata. 
This fact has been explained by the suggestion that none of the Cyclo- 
stomes have organs composed of tissues that would resist decay. 

This explanation is, however, not altogether satisfactory. It is true that 
nothing but the teeth would be likely to be preserved, but even if com- 
posed of horn-like tissue, as in Petromyzon, they should have left some 
traces when buried in the finer sediments; when harder, like those of 
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the Myx'noids, they would certainly be preserved. Possibly sone other 
relics of Cyclostomous fishes will yet be found, but with the facts now 
before us we seem justified in concluding that if the Conodonts are not 
the remains of Marsipobranchs, these vertebrate animals, though very 
low in the scale of beings, are, like Fungi, Lichens and Mosses among 
plants, of modern date. If, however, the view now proposed be proven 
true, in the Conodonts of the St. Petersburg Silurian marls, described 
by Pander, those of the Mountain limestone of England, collected in 
such numbers by Moore, and in those of the Waverly of Ohio, we have 
a very respectable representation of this group of fishes in the Palaeo- 
zoic faunas ; for they exhibit so great a variety of form that if they are 
the teeth of fishes they are the relics of many genera and species. This 
hypothesis encounters a difficulty in the fact that while the Conodonts 
are calcareous, the teeth of the living Cyclostomous fishes are horny or 
chitonous. It is quite possible, however, that the ancient species had cal- 
careous teeth, and in that respect differed from the modern ones ; just as 
the calcareous sponges, so common in the Palaeozoic seas, have, for the 
most part, been superseded by those having horny tissues containing silic- 
eous spicules. 

A similar objection may be urged against the theory that the Conodonts 
are the teeth of Mollnsks, as the modern Mollusca have siliceous teeth. 

More proof must be gathered before it can be positively asserted that 
the Conodonts are teeth of Marsipobranchs, but they resemble them so 
closely that it seems at least possible that we have in these delicate organs 
the teeth of small Lampreys, or Hags, which inhabited the Palaeozoic 
seas in large numbers. If this is their true nature, they represent the 
first fishes that existed on the globe ; unless, indeed, they were preceded 
by the progenitors of Amphioxus, and they, like the living Lancelet, 
were without hard parts, and could leave no trace of their existence. 



ELASMOBRANCHII. 

Genus DIPLODUS, Agass. 

In the notes on Diplodus published in the first volume of this Report 
(Part I., p. 334), three species found in Ohio are described, but no fig- 
ures of them are given. These are all now figured on Plate LVIII. Figs. 
1, 1 a, 1 h, represent Diplodus latus ; fine specimens of which have been 
obtained from Linton during the past year. As will be seen from the 
figures, this species may be readily recognized by its large size, its broad. 
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lance-shaped and serrated cornua, by its tuberculated base and by the 
absence of a median denticle. 

Diplodus compressus (Fig. 2) is never more than half as large as D. 
latus, and has relatively broad, serrated, flattened and divergent cornua. 
These are often nearly straight, and sometimes have the sharpness of the 
edges increased by a concavity of the slope from the median line. It 
might be supposed that this was only the immature state of D. latus, 
which it somewhat resembles in form, but in that species the cornua are 
more lance-shaped and the surfaces more uniformly arched. The tuber- 
culated base and the absence of a median denticle are also characters 
wanting in D. compressus. It may be said also that some thousands of 
the teeth of the latter species have been found at Linton, so like in size 
and shape that they evidently exhibit its normal features. From this 
average character the teeth of D. latus depart very widely. 

As has been elsewhere remarked the differences between D. compressus 
and D. gracilis (Figs. 3, 3 a) are not strongly marked nor very constant, 
and they may be but varieties of the same species. The figures now pub- 
lished will show that the teeth mimed D. gracilis are narrower, with less 
spreading, more curved, and less flattened cornua, than those to which the 
name D. compressus has been given. There are, however, among the 
specimens from Linton, some teeth which seem to share the characters 
of the two species, and it may be found that they run into each other. 
Several jaws have been obtained at Linton to which the teeth of Diplodus 
are still attached. These have been carefully examined in order to ascer- 
tain what diversity of form could be observed in the dental series of one 
individual, but they are too imperfect to fully settle this question. The 
upper and lower jaws have not yet been found together, and although 
there seems to be less variation of size and form than was expected in 
the teeth of a single jaw, the teeth of the upper and lower jaws may 
have been somewhat different. It will be necessary to have the entire 
dentition under view before the limits of variation in the teeth can be 
accurately defined. 



Cladodus acuminatus, Newt>. 

Plate LVIIL, Fig. 4. 

Cladodus aeuniinatus N.; Proc. Pliila. Acad. Nat. Sciences, 1856, p 99. 

Teeth of medium size, average specimens being about one inch in height, 
and three-fourths of an inch in breadth of base ; central denticle robust, 
conical and very acute, with a nearly circular section throughout, both 
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anterior and posterior faces strongly striated. Lateral denticles four, the 
outer pair largest, all conical, acute and striated. Base elliptical in out- 
line, thin and sharp-edged. 

The most distinctive character of this species is the extreme sharpness 
of the strong central and lateral denticles. They all have a nearly circu- 
lar section, and are distinctly striated ; at their summits they are drawn 
out into fine points more elongated and acute than in any other equally 
large species with which I am acquainted. 

Formation and Locality : Bituminous shale over Coal No. 5, Mineral Point, Tuscara- 
was Co., Ohio. 



Cladodus Hertzeri (n. sp.). 

Plate LVIII., Figs. 5, 5 a. 

Teeth broader than high, massive and strong ; base semi-elliptical in 
outline, 7 lines long by 3£ lines wide ; central cone 6 lines high, robust, 
conical, subacute, with a circular section, considerably inclined back- 
ward ; lateral denticles, two pairs, the interior pair more than half as 
large as the central cone, outer pair much smaller ; both central and lat- 
eral cones rather finely striated, striae strongest on posterior face and 
sides. 

The most striking peculiarities of this remarkable species, are the breadth 
of the base, which exceeds the height of the central cone, and the re- 
versed and abnormal inequality in the size of the lateral denticles. In most 
species of Cladodus, the external pair are longer than the intermediate 
ones, and Agassiz, in his description of the a;enns (Poissons FossUes, 
Tome III., p. 196) makes this a diagnostic character, and that by which 
he distinguishes Cladodus from Hybodus. There is little doubt, how- 
ever, that Cladodus of the Devonian and Carboniferous, is represented by 
Hybodus in the Mesozoic rocks. The two genera shade into each other 
in such a way that it is impossible to draw any sharply-defined line between 
them, and it is difficult to resist the conclusion that the relationship which 
they hold to each other is a genetic one ; in other words, that Hybodus is 
descended from Cladodus* 

The rule given by Agassiz for distinguishing these genera is, however, 
of such general application, that it seems hardly necessary to modify it, 
further than to report some exceptions to it. 

*Mr. W. J. Barkas, in a paper published in the Geological Magazine of April, 1874, 
claims to have discovered true Hybodus in the Coal Measures of Northumberland and 
Staffordshire, England. 
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Among all the species of Cladodus known to me, there is only one 
other than that now described, in which the exterior pair of lateral cusps 
are larger than the inner ones. This is a beautiful new species sent me 
by Dr. C. JRominger, the State Geologist of Michigan, and by him ob- 
tained from the Waverly group of that State. A brief description of that 
species is appended, but the specimen came to me too late to be figured for 
this volume. In G. Romingeri the interior pair of secondary cones is 
very little larger than the outer ones, while in C. Hertzeri tbey are more 
than twice as long. 

Formation and Locality : Obtained by Rev. H. Hertzer from the beds of impure lime- 
stone in the red shale, under the Berea Grit at Berea, Ohio. 



Cladodus Pattersoht (n. sp.). 

Plate LVIIL, Figs. 6, 6 a. 

Teeth small, not exceeding f» lines in height ; base small, rounded, 
bearing no lateral denticles. Median cone robust, much reflexed and 
sigmoidally curved at point, smooth and polished throughout. Near the 
base the section is circular, toward the apex flattened with a winged 
margin that makes it strongly ancipital. The small, rounded base appar- 
ently supported only one cone. The plain and polished surface, strong 
curvature and ancipital apex of the central cone, will serve to distinguish 
this species at once from any other. 

A specimen collected by Prof. Andrews is of special interest, as it 
consists of a lower jaw bearing nearly its entire dentition, the teeth in 
position. These are placed apparently in quincunx order, alternating 
instead of forming antero-posterior rows as in most of our sharks. So 
far as can be seen all the teeth have precisely the same form ; those 
situated at the lateral extremities of the dental area being much smaller 
than the others, but not otherwise different. The number of teeth borne 
by both jaws must have been three hundred to four hundred. 



Formation and Locality : " Waverly Black Shale," Waverly, Ohio. 

Cladodus subulatus (n. sp.). 

Plate LVIIL, Fig. 7. 

Teeth small, 6 lines in height and breadth ; base elliptical, equal in 
breadth to height of tooth, bearing a central cone with two nearly equal 
3 
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lateral denticles on either side, all striated. Central cone slightly 
recurved, section above nearly circular, below, posterior face flattened, 
giving lateral angles. 

This species is about equal in size to Gladodus Pattersoni, but may 
be readily distinguished from that by its lateral denticles, less curvature 
and striated surfaces. 

Formation and Locality. Cuyahoga Shale over Berea Grit, Berea, Ohio. 



Gladodus concinntts (n. sp.). 

Plate LVIIL, Pig. 8. 

Teeth small, about 6 lines in height and breadth ; base very narrow, 
boat-shaped, with pointed extremities ; central cone much compressed 
with sharp edges, posterior face flat, anterior rounded, both strongly 
striated ; lateral denticles two pairs, both striated, external pair the 
larger, and divergent. 

This small species is noticeable for its compressed, double-edged, and 
strongly-striated cone, its divergent lateral denticles, and narrow pointed 
base. These characters will serve to distinguish it from any others with 
which it may be compared. It is not unlike in general appearance 
C. sygopus, described in the Illinois Geological "Report, Vol. II., p. 25, 
Plate I., Figs. 9, 9 a, 10, but in that species the base is distinctly yoke- 
shaped — i. e., arched on one side, excavated on the other — and the pos- 
terior face of the cone has a deep furrow at the base. 

Tliis is the most elegant in form and most highly ornamented of all 
the species of Gladodus yet found in Ohio, and the specific name given 
it was chosen to indicate this. 

Formation and Locality : Huron Shale ; valley of Black River, Lorain County. 

Cladodus parvultjs (n. sp.). 

Plate LVIIL, Figs. 9, 9 a. 

Teeth very small, and exhibiting two forms ; the larger 4 lines high 
and broad ; crown compressed and ancipital ; summit very tapering and 
acute ; anterior face rounded ; posterior flattened, often slightly keeled 
above, deeply excavated below; both, faces toward the base having fine, 
somewhat interrupted and irregular striae ; lateral denticles two, flattened, 
triangular, divergent ; base yoke-shaped, posterior margin deeply sinused, 
under surface concave. 
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Smaller form without lateral denticles, from 2 to 3 lines high, central 
cone and base as in larger form. These sraall.teeth occur in large num- 
bers in the fish bed discovered by Mr. Jay Terrell in the valley of Black 
River. As will be seen from the description given above, they differ 
much among themselves in form and size, but between the extremes are 
all possible shades of variation. The peculiar yoke-shaped and cupped 
base is the same in all, but some have no lateral denticles, others have 
tubercles at the sides of the central cone, while others still have two well- 
developed lateral cones. This diversity is not greater than we find in 
the dentition of modern sharks, and it is highly probable that in all of 
the species of Cladodus, the teeth were more or less variable in size 
and form according to the places they held in the mouth. This intro 
duces an element of uncertainty in the diagnosis of species from a few 
teeth, which should be kept in mind in describing or discussing species 
of this and other genera of extinct sharks. It is not probable, however, 
that the species of Cladodus have been very much multiplied from this 
cause, for the reasons that : (1) the number of species yet described is 
small, (2) they are distributed through a great vertical and geographical 
range — from the base of the Devonian to the Permian, and from Bnssia 
to Kansas — very few having been taken from the same stratum and 
locality, and (3) the dentition of each species, however much varied, has 
generally something in common, of form or ornamentation, by which the 
different members of the series may, with due care, be identified. 

The danger of multiplying species from this cause is at least not suffi- 
cient to make it necessary or wise to neglect all material of this kind 
until such time as the complete dentition of each species shall be discov- 
ered. This cannot be hoped for in regard to many fossil sharks, as their 
skeletons were cartilaginous, and the connection between the teeth and 
jaws was ligamentous and was dissolved in decay. In the only cases that 
have come under my observation where any considerable portion of the 
dental series has been found with the teeth in position (Cladodus Patter- 
soni and Diplodus compressus), the only difference visible among some 
hundreds of teeth shown is in size. Had the entire dentition of both 
jaws been visible in these cases, their testimony would • have been more 
conclusive, but it has much weight as it is. 



Cladodus Komingebi (n. sp.). 

Teeth small, breadth of base 7 lines, height of median cone 5 lines ; 
central cone flattened behind, anterior face rounded ; basal portion of 
posterior face deeply sinused; lateral cones two pairs (sometimes with a 
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rudimentary one at the base of the central cone), of which the inner pair 
are slightly higher than ihe outer ones ; surface of both central and 
lateral cones very strongly striated. 

This beautiful species strongly resembles in general appearance C. non- 
ius and 0. mirabiUs, of Agassiz (described in the Poissons Fossiles, Tome 
III., pp. 197, 199, Plate 22, Figs. 9, 13-21), but differs from both in 
having the internal pair of secondary cones as large as, or larger than, the 
outer pair. In this respect it is unlike any other species known to me, ex- 
cept G. Ilertzeri, described on another page. 

This remarkable tooth was found by Dr. 0. Rominger, in a calcareous 
sandstone of "Waverly age, at Battle Creek, Michigan. To his kindness 
I am indebted for an opportunity of examining it; a courtesy which I take 
pleasure in acknowledging by attaching his name to it. 

It has not been possible to have drawings made of it in time for publi- 
cation in this volume. 



POLTEHIZODTTS MODESTTTS (n. Sp.). 
Plate LVIIL, Figs. 10, 10 a. 

Teeth small, largest half an inch in breadth and height. Crown sur- 
face 2 lines wide, much depressed, terminating posteriorly in an acute 
edge ; root broad, and divided below into five or six flattened radicles. 

Of this little tooth only one complete specimen has yet been found. 
This, with fragments of others, give fairly well the character of the species 
and show it to be distinct from any other yet described. 

In the Report of the Geological Survey of Illinois, Vol. II., several spe- 
cies of Polyrhizodus are figured and described, all indeed, with one ex- 
ception, that have been heretofore met with in this country. By com- 
paring the figure now given with those in the Report referred to, it will 
be seen at a glance that the tooth before us is so different that no detailed 
comparisons are required. 

Formation and Locality: Cleveland shale, Bedford, Cuyahoga County, Ohio. 



Orodtjs variabilis (n. sp.). 

Plate LVni., Figs. 11, 11 h. 

Teeth of various forms and dimensions, the largest 15 lines in 
breadth, 5 lines in height and 2| lines in thickness ; the crown on 
the posterior face forming half the height of the tooth, rising in the 
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center into a conspicuous boss, from which the surface falls off with 
several gentle undulations to either end. The enameled surface is 
highly polished but finely punctate throughout ; on the posterior face of 
the central tubercle are a few fine radiating carinations. The enamel 
folds at the base of the crown form, on the posterior face, a relatively 
broad but irregular band ; on the opposite face a more sharply-defined, 
single raised line. The root is flattened, pitted, and beveled on its lower 
edge. This variety is represented in Figs. 11-11 i. "A second variety is 
indicated by Figs. 11 o-ll f. This is 12 lines long and very much flat- 
tened, the crown showing several rudimentary tubercles, of which the 
most conspicuous is nearer one end of the tooth than the other. Still 
another form is half the size of those already mentioned and more sym- 
metrical, the central cone more prominent, the surface smoother, etc. 
(Figs. 11 ?, 11 A). 

All these, with many other specimens, were found so associated together 
that it cannot be doubted that they formed the dentition of a single indi- 
vidual. Their diversity of form and size shows very plainly the liability 
to multiply species when describing detached teeth. 

With these teeth are quantities of dermal tubercles, which doubtless 
belonged to the same fish that bore the teeth. These tubercles are gene- 
rally elongated and have the enameled surface strongly marked with 
revolving ridges and furrows. In the same stratum and in immediate 
proximity to these teeth, were found spines of two species of Ctenaean- 
thus {Ct. formosus and Ct. furcicarmatws), and teeth of Cladochis Pat- 
tersoni. With one of these spines the teeth under consideration undoubt- 
edly belong ; and as the Cladodus is a very small species, we may conclude 
that Orodus and Ctenacanthus are only parts of the same genus. 

Formation, and Locality : Black shale of Waverly Group, Seiotoville, Ohio, and Vance 
burg, Ky. 



Obodits ELBOANTULTJS. N. AND W. 

Plate LVIII. Pigs. 12, 12 a. 

A small and very neat species of Orodus which occurs rarely in the 
Cleveland shale at Bedford, Cuyahoga County, is so much like that 
described by Mr. Worthen and myself in the Illinois Eeport, under the 
above name, that I have regarded it as probably the same. Some of the 
specimens found, like that now figured, have all the essential characteris- 
tics of those from Illinois, except that they are less arched ; while other and 
smaller teeth have sometimes the median cone somewhat pyramidal, and 
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obtuse points occur between that and the ends. These may belong to 
another species, but the material at hand does not justify us in separating 
them from the forms which have been found at the West. 

Orodus degantulus occurs in Illinois, in the Burlington limestone. 



CteHOPTYCHIUS SEMICIRCtTLAKIS. N. AND ~W". 
Plate LVIIL, Pig. 14. 

A single tooth of this species was found in a Coal Measure limestone, 
Adams Township, Muskingum County, O., by Professor J. J. Stevenson. 
It is rather less arched than most specimens of the species, but, in other 
respects, is undistinguishable from many which I have from the Coal 
Measures of Indiana and Illinois. 

Teeth generically identical with these, and with difficulty distinguish- 
able specifically, are common in the Carboniferous limestone of Armagh, 
Ireland. These have not yet been described, but were named by Agassiz 
Otenqptyohius dentatus. He subsequently referred them, in his MS. 
catalogues, to the genus Harpaoodus, created to receive them ; still later 
to a new genus, Peripristis. The latter name has been adopted by Mr. 
O. St. John, who gives a definition of the genus in Dr. Hayden's " Final 
Eeport on the Geology of Nebraska," p. 242. I find it impossible, how- 
ever, to recognize more than specific differences between these teeth and 
those which form Prof. Agassiz's type species of Ctenoptychius (Of. ser- 
rabus). 

From the Crinoidal limestone of the Lower Barren Measures, in the city 
of Pittsburgh, I have a single tooth which is closely allied to, but distinct 
from, those under consideration. In this specimen only a part of the crown 
is shown. This is much natter than that of Ct. semiciroularis, the den- 
ticles larger and symmetrically lance-shaped, and the whole surface covered 
with a fine, crape-like wrinkling, instead of being highly polished, as it is 
in the other specimens from America and Ireland. 



Petalodtjs Alleghaniensis, Leidy. 

Plate LVIIL, Figs. IS, 13 a. 

The Crinoidal limestone, which is a very constant member of the Low- 
er Barren Coal Measures of Ohio, has furnished so many fish teeth that it 
deserves to be specified as one of the " fish beds " of the State. Most 3f 
the fish remains of this horizon are small and usually imperfect shark's 
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teeth, among which are species of Petalodus, Cladodus, and Ctenopty- 
chius. 

Of these the largest and most abundant belong to a species of Petalo- 
dus, which seems to agree in all respects with P. Alleghaniensis, described 
by Dr. Leidy, and first obtained from the Coal Measure limestones of 
Pennsylvania. Two of these teeth are now figured, and they represent 
xairly well the size and forms of the specimens found. It will be noticed 
that in one of these the crown is higher, and the root larger than in the 
other. These differences are not constant, however, and can hardly have 
specific value. They are probably due to the positions held by the differ- 
ent teeth in the extended series which formed the dentition of the fish to 
which they belonged. 

In the Eeport of the Geological Survey of Illinois, several species of 
Petalodus are described, one of which, P. destructor, is from the Coal 
Measures. From its large size, and peculiar root, this tooth was consid- 
ered distinct from P. Alleghaniensis, but Mr. O. St. John, who has given 
much study to the fish teeth found in Illinois and Iowa, regards them as 
identical. This seems to me probable, but it is not yet proved by any 
facts which have come under my observation. None of the specimens of 
P. Alleghaniensis yet found in Ohio are more than half as large as some 
of those from Sangamon County, or from Cassville, Illinois. They differ 
too, in the form of the root ; the specimens from Ohio having more elon- 
gated and narrower roots than the great teeth, with spatulate, pointed 
roots, which are found in the Coal Measures of Illinois. These differences 
may be only local, however, and it is quite possible that intermediate 
forms will hereafter be found which shall connect the robust and power- 
ful teeth of the West, with the smaller and more delicate forms which occur 
in the Crinoidal limestone of Ohio. 

Ctenacanthus eormosus, Newt). 

Plate LIX., Figs. 1-le. 

This fine species of Ctenacanthus is described in Vol. I., Part II., p. 
328, of this Eeport. The figure now given is taken from a very perfect 
specimen obtained by M. C. Read, Esq., from the Cuyahoga shale at War- 
ren, Trumbull County. It illustrates the size, form, and markings better 
than the figure before given, and mucb better than any verbal description 
could do. During the progress of the Survey, more or less perfect speci- 
mens of this species were met with in various parts of the State, where the 
Waverly rocks were exposed, and it is evident that the shark which bore 
them was the most common, and probably the most formidable of those 



54 PALEONTOLOGY OF OHIO. 

which here inhabited the shallows of the incoming sea of the Carbonifer- 
ous age. In the limestones which form the open sea deposits of this 
age, no traces of this fossil have yet been discovered. In the specimen 
from which the drawing was made for the figure now given, the denticu- 
lation is remarkably regular and exact. The lithographer has, however, 
failed to represent this with accuracy. 



Ctenacanthus fukcicarinatus (n. sp.). 

Plate LIX., Figs. 2-2 c. 

Spine of medium size, robust ; 8 to 10 inches long, \\ inches wide. 
Section near summit compressed, with flattened and nearly parallel sides, 
near base oval. Basal portion smooth or longitudinally striated, rounded 
below and thin from the expansion of the medullary cavity. Line sep- 
arating the plain from the ornamented surfaces very oblique and sig- 
moidally curved. Exposed portion of spine covered with numerous 
strong, more or less flattened and pectinated longitudinal costse, many of 
which are dichotomously forked near the base. 

Toward the summit of the spine, there are about 15 of these costae. 
Near the base they are much more numerous from bifurcation. Those 
near the anterior and posterior margins are fine, those occupying the 
middle of each side more than twice as broad. The posterior face is 
flattened so as to form a distinct angle with the sides, but is raised along 
the median line in a strongly-marked but rounded ridge. 

The most striking features in this spine are the obliquity of the line of 
contact between the exposed and buried portions,' the bifurcation of the 
rounded longitudinal ribs, and the general, but inconspicuous pectina- 
tion. This is well shown in the enlarged view of three of the costse 
given in Plate LIX., Fig. 2 e. 

These spines are found so associated with the teeth of Orodus varia- 
bilis as to make it extremely probable that they belonged to the same 
fish. There are also found with them quantities of dermal tubercles 
which are undoubtedly those of this species of Cienacanthus. Some of 
these are represented, somewhat enlarged, in Fig. 4. They are obscurely 
rhomboidal in outline and marked with a few coarse furrows and ridges. 
From the association of these fossils we are justified in concluding that 
we have in them the teeth, spines, and dermal tubercles of one of the 
sharks that inhabited the Lower Carboniferous seas. These are all the 
really bony portions of most Selachians and all that are generally fossil- 
ized ; but with these, in the present instance, are numerous traces of 
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organs which, under all ordinary circumstances, have disappeared, viz., 
the tail and fins. In some eases almost the perfect outlines of sharks six 
or more feet in length are said have been found by the quarrymen 
traced upon the surfaces of shale. One of these specimens represents the 
heterocercal tail of a large shark in which the vertebrae have entirely 
disappeared, leaving a smooth band representing the vertebral column. 
On either side of this, however, the outlines of the interspinous bones 
are distinctly traced ; but the most remarkable thing about this fossil is 
that the lower lobe of the tail consists of rays that were distinctly ossi- 
fied and now retain their original positions and forms. This indicates 
that these old, Carboniferous sharks were as highly organized as any oi 
those inhabiting the present seas. 

No similar instance of the preservation of the soft parts of cartilagi- 
nous fishes is known to me except that of Chondrosteus in the marls of 
the Lias of England. In both these cases the unusual preservation of 
the remains is probably due to the comparatively rapid deposition of an 
earthy carbonaceous sediment over them. In the formation of lime- 
stones, derived exclusively from organic structures, the accumulation of 
material on the sea bottom must necessarily have been exceedingly slow, 
and the soft parts of aquatic animals deposited with it have been so ex- 
posed to decay, and to the depredations of the various forms of marine 
life that subsist upon such food, that they have been totally destroyed. 

Formation and Locality : Black shale of Waverly Group, Vanceburg, Ky. 

Ctenacanthus paevulus (n. sp.). 

Plate LIX., Pig. 3. 

Spine very small, 1 to 2 inches in length by 2 to 3 lines wide ; basal 
portion relatively broad and long, flattened, irregularly striated ; exposed 
portion slightly curved, acute, compressed, but arched transversely ; sur- 
face covered with relatively broad, but somewhat irregular longitudinal 
ridges. Posterior face set with large and much depressed hooks. 

This little spine is referred to Ctenacanthus with some doubt, as the 
longitudinal ribs show no tubercles or scales such as are usually found in 
the species of this genus. It agrees with them, however, in the gene- 
ralities of its form and markings, and scarcely affords material for the 
creation of a new genus. 

In the figure now given the longitudinal ribs are too strong and con- 
tinuous. 

Formation and Locality : Cleveland shale, Bedford, Ohio. 
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LlSTRAOANTHUS HYSTRIX, N. AND W. 

Plate LIX., Pig. 5. 

The species represented in the figure cited above, is very common in 
the Coal Measures of Indiana and Illinois, though but rarely seen in Ohio. 
It will be found described in the Geological Report of Illinois, Vol. IV., 
p. 372, Plate XI., Figs. 3, 3a. In Indiana these spines occur so frequently 
with the dermal tubercles of Petrodus that they are generally supposed 
to belong to the same fish. While this may be possible, it should be said 
that we have never yet found the tubercles of Petrodus in Ohio, while 
Listraoanihus is not unknown here. 

Formation and Locality : Black shale over Coal No. 6, Perry County, Ohio. 

LlSTRACANTHUS HlLDRETHI (n. Sp.). 
Plate LIX., Pig. 6. 

Spine of relatively large size ; nearly 6 lines broad, 2 inches from the 
summit ; curved and sharply carinated, carinae slightly granular ; convex 
side strongly squamose . 

Only a single specimen of this spine is known, and that lacks the basal 
portion. It is sufficient, however, to show that it was much broader, 
more curved, and more strongly and sharply marked than even the largest 
specimens of the common species, L~. hystrix. 

Formation and Locality : This specimen was found near Marietta, by the late Dr. S. 
P. Hildreth, and is now in the Cabinet of Marietta College. 



Orthacanthtjs gracilis (n. sp.). 

Plate LIX., Pig. 7. 

Spine small and straight, about three inches long, very slender and 
acute ; section circular at base, posterior face and sides flattened above ; the 
angle inclosed by them set with acute, recurved, compressed denticles 
throughout the upper two-thirds of the entire length ; surface smooth or 
very finely striated longitudinally. 

These delicate spines might be supposed to represent the immature 
state .of 0. arcuatus, but it is hardly supposable that they should have 
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become so decidedly arched in subsequent stages of growth, as the latter 
spines are. As it is now generally believed that the spines of Orthaean- 
thus were worn by the sharks of which the teeth are called Diplo&m ; 
and as at least two species of Diplodus are found at Linton, it is highly 
probable that the curved and straight spines were associated respectively 
with these different teeth. When found in connection with the teeth so 
as to fix the relationship between them, the names now given to these 
spines may be suppressed. Until such relationship shall be determined, 
however, it will serve a useful purpose to describe them under distinct 
names. 

Formation and Locality : Coal Measures, Linton, Ohio. 



Genus GYRAGANTH US, Agass. 

Since the publication of the descriptions of the species of Gyraeanthus 
found in Ohio (Vol. I., Part II., p. 330), I have received a letter from Mr. 
D. Honeymau, of Halifax, in which it is stated that the great spine figured 
by Prof. Dawson (Acadian Geology, 2d Edition, p. 210), and named by 
him Gyraeanthus magnifieus, was taken by Mr. Honeyman from the 
Lower Carboniferous limestone of Baddeck, Cape Breton, and not from 
the Coal Measures, as I inferred from Prof. Dawson's notes. This case, 
therefore, instead of forming an exception to the rule to which I have 
referred, viz., that the spines of Gyraeanthus, while common in the Coal 
Measures of Europe, in America have only yet been found in Lower 
Carboniferous rocks, affords another illustration of it. We should not be 
justified in saying that Gyraeanthus did not exist in America during the 
Coal Measure Epoch, for it may be any day found in the coal strata; but it 
is an interesting fact that, up to the present time, no traces of it have been 
seen in this country in other than Lower Carboniferous rocks. 

In letters received from Sir Philip Egerton since the publication of my 
notes on Gyraeanthus, it is stated that it has been demonstrated that many 
of the spines of Gyraeanthus found in Europe were attached to the pec- 
toral fins, and that some of these are much worn, as though by contact with ■ 
the bottom of the sea in which this shark lived. 

These facts are cited by Sir Philip Egerton as confirmatory of the view 
presented in my notes, that the spines of Maehmraeanthus belonged to 
the pectoral fins. 
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Genus PLATYODUS (nov. gen.). 

Teeth elliptical in outline, crown slightly arched in both directions, 
surface punctate in undulate lines, but without folds or ridges. 

^Nothing is known of this genus except what is taught by a single speci- 
men, whichforms the basis of the specific description given below. 

It is evident that it was once worn by an ancient Elasmobranch fish al- 
lied to Deltodus, Sandalodus, etc., but distinctly separated from them by 
its rounded outline, simple margin, low, evenly-arched crown, and linear 
punctation. How many teeth were borne on the jaws, and how much 
varied in form they were, if more than two, will doubtless be determined 
by future discoveries. 



Platyodus lineatus (n. sp.). 

Plate LIX., Pig. 12. 

Teeth broad and low, ovoid or elliptical in outline, 3 inches long by 
1 J inches wide ; crown surface gently arched in both directions, punctate 
throughout, punctations arranged in broadly undulate lines which cross 
the crown transversely. 

The only tooth of this fish yet known was found by the writer in the 
Waverly shales, on the farm of Mr. Dunn, eight miles south of Liberty, 
Casey County, Ky. It is somewhat worn by use, and corroded by expos- 
ure, but still exhibits characters by which it may be distinguished, at a 
glance, from any other heretofore described. Of these characters the 
most conspicuous are its great size, low, doubly-arched crown, without 
ridges or furrows, and the undulate lines of punctse which occupy all the 
surface. 

HOLOCEPHALI. 

CHIMjEROIDI. 

Genus RHYNCHODUS, Newb. 

The announcement made in our first volume that the remains of Chi- 
mseroid fishes had been discovered in the Devonian rocks of Ohio, and the 
reference of the genus Rhynchodus to this family, may have excited some 
surprise and perhaps incredulity, as Chimseroids had not before been 
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found in rocks older than the Jurassic. I am happy to be able to say, 
however, that the views there expressed in regard to the zoological rela- 
tions of this genus are fully confirmed by Sir Philip Egerton, who has 
made a special study of the Chimseroids, living and fossil, and is con- 
fessedly the highest living authority in all that relates to their structure 
and classification. He writes me that the teeth described in Vol. I., Part 
II., pp. 307-313, under the name of Rhynchodus, are unquestionably those 
of Chimseroid fishes. 



PnroTODus calceolus, N. andW. 

Plate LIX., Figs. 13, 13 a. 

A tooth which probably belongs to the same species with that now fig- 
ured, was described in the Illinois Geological Report, Vol. II., p. 106, 
Plate X., Pig. 10, under the name of Minodvs calceolus. This name was 
subsequently (Vol. IV., p. 374) changed to that given above, as it was dis- 
covered that the tooth designated by it came within Pander's genus 
Ptyctodus. 

During the past year I have received from Mr. A. S. Tiffany, of Da- 
venport, Iowa, the specimen of which a figure is now given. This is 
longer and narrower than that described in the Illinois Report, and the 
triturating surface instead of being depressed or sunken into the crown 
of the tooth, as in the Illinois specimen, is distinctly raised above the 
general surface. This difference is, I suspect, due to the fact that one is 
an upper and the other an under tooth ; the elevated portions of one fit- 
ting into the depressions of the other. 

As stated in the description contained in the Illinois Report, I suppose 
these to be the teeth of Chimasroid fishes. 

Formation and Locality : Hamilton Group, Davenport, Iowa. 



GANOIDEL 

DIPTERINI. 

Genus CTENODTTS, Agass. 

Ctenodus serratus (n. sp.). 

Teeth of lower (?) jaw of medium size, 16 lines long by 9 H: is wide, 
somewhat triangular in outline ; crown marked with eight prominent and 
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sharp radiating ridges, which terminate above in numerous compressed, 
acute denticles ; the furrows between 'the ridges being pitted to receive 
corresponding denticles of the opposite teeth. These ridges and furrows 
vary much in length, so that one end of the tootli forms a long pointed 
triangle, and at the opposite extremity the crown is rounded and the 
base projects in a depressed and flattened point. 

In general form and marking this tooth bears considerable resemblance 
to that of Ct. dbUquua of the Northumberland coal-fields, England, but the 
ridges are more numerous and much narrower. From the larger species 
of Ctenodus found in England, Ct. tubereulatus, etc., it will be at once 
distinguished by the fan -like radiation of its ridges, which all centre at 
the most prominent point of the crown. When in its perfect condition 
this is the most elegant species of the genus yet discovered. It is charac- 
terized by a remarkable exactness of form and sculpture. The internal 
margin forms a graceful arch from which the prominent point of the 
base projects at the end of the tooth where the ridges are shortest. The 
denticles which crown the ridges are much compressed, very sharp, and 
somewhat curved outward. 

Fig. 15 represents a tooth of the lower jaw seen from above ; 15a, one 
of the ridges in profile ; 16, a small, triangular tooth probably from the 
upper jaw of a smaller individual of the same species. 

In the Keport of Prof. E. D. Cope, contained in this volume, will be 
found a figure and description of a portion of a large cranium of what is 
supposed to be a species of Ctenodus, found at Linton. A more com- 
plete cranium of the same kind, which I have, is about 8 inches in diam- 
eter, and the teeth which were once connected with it must have been 
considerably larger than any yet found at Linton. Prof. Cope calls his 
species Ct. Ohioensis. Whether it is identical with either of the species 
1 have named from the teeth is not yet known. 

Formation and Locality : Coal Measures, Linton, Ohio. 



Ctenodus beticulatus (n. sp.). 

Teeth of medium size (15 lines long, by 10 lines wide) ; general out- 
line triangular, the inner margin arched. Crown marked with 7 low, 
radiating ridges, of which the summits form zigzag salient lines. The 
whole crown of the tooth exhibits a fine reticulated ornamentation, 
which on the ridges is more or less radiate, and has the appearance of 
hachures. 

The r \\j specimen of this species yet found is too imperfect for figur- 
ing or full description. The characters given above will, however, serve 
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to distinguish it at a glance. The ridges are also broader and fewer in 
number than in Ot. serratus, while the zigzag lines of the summit and 
the vermicular ornamentation of the surface, present features that are 
not found in any other known species. In most of the teeth of Gtenodus 
the crown surface is smooth, and the acute denticles which crown the 
ridges are highly polished. 

Formation and, Locality ; Coal Measures of Linton, Ohio. 



DlPTERTTS SHERWOODI (ll. sp.). 
Plate LVIIL, Figs. 17, 17 a, 17 I. 

Teeth one inch in length, triangular in outline ; crown marked with 
three prominent tuberculated ridges, separated by deep furrows somewhat 
wider than the ridges. The strongest of these ridges forms one side of the 
triangular tooth. On the angle opposite this side are a few irregular 
tubercles but no traces of distinct ridges. The denticles which crown the 
ridges are somewhat compressed laterally, are rounded, smooth, and blunt 
at the summit. 

This is apparently one of the upper palate teeth of a species of Dip- 
tents, and is specially interesting, as being the first relic of that genus 
found on this continent. It can be readily distinguished from all the 
species described abroad, by the small number of its radiating ridges. 
This specimen is from theCatskill group of Tioga County, Pa., and was dis- 
covered by my former assistant, Mr. Andrew Sherwood,, now of the 
Geological Corps of Pennsylvania, to whom I am indebted for an oppor- 
tunity of examining it. 

In the same rock with this tooth are a number of imperfectly preserved 
rhomboidal, or rounded scales, which are thick and strong, and have 
the upper surface punctate precisely as in the scales of the foreign species 
of Dipterus. The surface of these scales was, probably, once highly pol- 
ished, but like all the fish remains of the Catskill, the organic tissue seems 
somewhat corroded. 

It is a singular fact, that while previous to last year, no teeth of Dipter- 
ians had been found in this country, both Gtenodus and Dipterus were 
almost simultaneously discovered ; one in the Coal Measures of Ohio, the 
other in the Catskill of Pennsylvania. More material is wanted for com- 
paring the fishes which now bear the names of Gtenodus and Dipterus, 
but, judging from the teeth alone, they might, with propriety, be included 
in one genus. It is true that no scales have been found in the Coal Meas- 
ures which could be referred to Gtenodus, and it is quite possible that the 
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Carboniferous species yet known, were without scales, but the same differ- 
ence probably existed between the Ceratodus of the Trias, and the " Bar- 
ramxmda " of Australia ; both of which have been included by Dr. Gunther 
in the same genus. ~No scales have been found in connection with the 
Triassic teeth, while the Australian Ceratodus has the body covered with 
large imbricated scales. 

Fig. 17 represents the tooth of the natural size, seen from above. 
Fig. 17 a, a side view of the same, and Fig. 17 b, a profile view of the 
marginal row of denticles. 



Genus Heliodus (nov. gen.). 

A Ganoid fish, closely allied to Dipterus, from which it differs in hav- 
ing the upper palate teeth united together to form a single large rounded, 
or. semi-circular triturating plate, bearing several tuberculated ridges 
which radiate symmetrically on either side of the central line. These 
ridges are highest on the margin of the tooth and gradually diminish to 
the centre, which is smooth. The dental plates of the lower jaw have 
not yet been found. Whether they were consolidated in one, or sepa- 
rated like those of Dipterus is not yet known. Since, however, they 
were in Dipterus and Ctenodus more widely separated than the upper 
teeth it is possible that they were not joined together in Heliodus. In 
microscopic structure this tooth is similar to those of Dipterus. The 
tuberculation of the ridges is precisely the same, and' if divided through 
the middle, each half would be accepted as one of the upper dental 
plates of that fish. 

There is little doubt that we have in Heliodus a new member of the 
family of Dipterine Ganoids to which Dipterus, Ctenodus and Ceratodus 
belong, and its dental plates present a simple but hitherto unknown modi- 
fication of the characteristic dentition of the group. In the other genera 
of the family the palate teeth vary much in form and in the number and 
character of their radiating ridges. In Dipterus the upper teeth have 
the form of right-angled triangles, or half opened fans, the ridges being 
set with rounded and generally obtuse tubercles. The lower teeth are 
longer, like a fan two thirds opened. In Ctenodus the number and form 
of the teeth is the same as in Dipterus, but the radiating ridges are 
generally more compressed, and the tubercles are more acute. In Cera- 
todus the teeth are smooth, the ridges few and large, and without tuber- 
cles. Finally in Heliodus we have the upper pair of palate teeth firmly 
joined in one plate, taking the form of a fully opened fan, and bearing 
radiating tuberculated ridges like those of Dipterus. 
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In the "Bulletin of the Eoyal Academy of Belgium" (2°Serie, t. XXYII. 
p. 385), P. J. Van Beneden describes the palate tooth of a fish, which is 
without much doubt, generically identical with that on which the above 
description is founded. It differs, however, from that here described in 
having five tuberculated ridges, instead of four, on either side of the me- 
dian line, in the number of tubercles on the ridges, and most of all in size ; 
for the Belgian tooth is eight inches in diameter. M. Van Beneden con- 
siders his specimen as generically identical with a fish described by M. De 
Koninek and himself, in a preceding volume of the " Bulletin of the 
Royal Academy of Belgium " ( 2 e Serie, t. XVII., p. 143), and which was 
made the type of a new genus (Palaedaphus). This remarkable fossil 
was found in the Carboniferous limestone of Belgium, and was consid- 
ered by the distinguished authors of the paper referred to, as a portion of 
the head and upper jaw of a Plagiostomous fish, having some resemblance 
to Squatina. 

Excellent figures of both fossils were published by Van Beneden and 
De Koninek ; and judging from these and the minute descriptions which 
they give, I am compelled to dissent from their view of the generic iden- 
tity of their two species of Palaedaphus {P. Insignis and P. Devon- 
iensis). 

The first seems to me, as to them, a portion of the head of a large Pla- 
giostome, but the second exhibits characters which lead me to conclude 
that it is the palate tooth of a Dipterian Ganoid, and that it belongs to a 
genus that required a new name and description. These I have ventured 
to supply in describing the American specimen recently found ; uniting it 
with the Belgian species (f Palaedaphus Devoniensis "), in the genus 
Ileliodus. 

My reasons for considering these the teeth of Ganoids and not of Se- 
lachians are that they have essentially the structure of those of Dipterus, 
— i. e., are composed throughout of true bone, and bear radiating ridges 
crowned with tubercles, of which the summits are coated with enamel — 
and no such structure is known to exist in any Elasmobranch fish. In 
all the members of this order the jaws are cartilaginous, and the teeth are 
united to them by mere ligamentous attachments. 

If I am correct in separating generically the two species of Palae- 
daphus, that described by Van Beneden under the name of Palae- 
daphus Devoniensis becomes Ileliodus Devoniensis ; and if the view now 
advanced in regard to the zoological relations of Ileliodus is the true one, 
we have in II. Devoniensis by far the most gigantic member of the Dip- 
terian family yet known, and one that must have rivalled in dimension 
Dinichthys, the largest of the other great branch of the Ganoid order, the 
Placoderms. 
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Heliodtjs Lesleyi (n. sp.). 

Plate LVIII., Fig. 18. 

Upper dental plate rounded or hippocrepiform, 1| inches in length 
and breadth ; triturating surface more than a half circle, highest in the 
centre, where it forms a broad smooth boss; from this radiate eight 
tnberculated ridges, four on either side of the median line, which is 
marked by a deep and smooth furrow. The ridges on each side differ 
among themselves, but are symmetrical with those on the other side, the 
lateral ridges being shortest, and bearing several tubercles, while the pair 
which borders the central furrow have but a single tubercle at the 
extremity of each. On both sides of the central boss the crown of the 
tooth is worn in a shallow, rounded depression by the opposing teeth of 
the lower jaw. The posterior margin of the crown is nearly straight, 
and is slightly crenulated at the centre. This is bordered by a sloping 
surface which extends downward and backward about four lines, and 
expands laterally to form low, winglike projections. This portion of 
the tooth was doubtless covered with integument. 

The more important features of this tooth and its relations to allied 
forms, are given in the generic description. It was obtained by Mr. 
Andrew Sherwood, in the Upper Chemung rocks of Northern Pennsyl- 
vania, and is named in honor of Prof. J. P. Lesley, the Director of the 
Geological Survey of that State. 
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DESCRIPTIONS OF INVERTEBRATE FOSSILS, MAINLY FROM THE 
SILURIAN SYSTEM. 



BY 

JAMES HALL and R. P. WHITFIELD. 



Dr. J. S. Newberry, State Geologist: 

Dear Sir: In accordance with your expressed desire that the descriptions of Ohio 
fossils, scattered through various publications, and in many cases inaccessible to the 
general student in science, should be brought together in a classified form, with illus- 
trations of the same, the accompanying descriptions and figures are offered as a con- 
tribution in that direction. This work is necessarily incomplete, both from want of 
time and for the want of means of illustration for the entire series. Under these cir- 
cumstances it was thought better to confine the work mainly to the fossils of the 
Hudson Eiver, Clinton, and Niagara groups inclusive, giving, with the described 
spedies, such new forms from the Ohio localities as might come under observation 
during the progress of the work. But with this restriction it has been found neces- 
sary to leave out some entire groups which it would be very desirable to illustrate, 
and which have not yet been described or illustrated in any American publication. 
These are especially the Bryozoa and Corals of the Cincinnati beds and their equiva- 
lents in other parts of the State, among which are many characteristic species requir- 
ing much time for study, with careful descriptions and illustrations, to make them 
available for the use of the student in Palaeontology. 

In the outset it was proposed to give the same revision to the higher groups that 
has been partially given to the lower ; the figures of the Crinoidea from the Waverly 
group were made in pursuance of that plan, but it afterwards became apparent that 
the time and means at our disposal were insufficient for the work, and in consequence 
nearly every thing from the age of the Corniferous, Hamilton, Portage, and Chemung 
groups have been omitted from the present communication. 

During the progress of the work interesting specimens have been received from Mr. 
U. P. James and Mr. S. T. Carley, of Cincinnati, from Mr. Jesse Vanduzer, of Waynes- 
ville, and President Edward Orton, of Columbus, Ohio, to whom we are under especial 
obligations. Several other gentlemen of Cincinnati, Dayton, and other places, have 
kindly offered to contribute specimens, but the necessity of restricting the limits of 
the work has prevented us from accepting their assistance in this direction on the 
present occasion. 

Very respectfully, your obedient servants, 

James Hall, 

E. P. Whitfield. 



FOSSILS OF THE HUDSON RIVER GROUP. 

(CINCINNATI FORMATIONS.) 



BRACHIOPODA. 

Genus LIFGULA, Bruguiere. 

LlNGULA COVINGTONENSIS (n. Sp.). 

Plate 1, fig. 1. 

Shell rather below the medium size, broadly and very regularly oval, 
or elliptical in outline, the breadth and length being as three to four, 
the apex of the shell scarcely more pointed than the basal margin ; sur- 
face of the valve very regularly convex transversely, but in a longi- 
tudinal direction much more prominent toward the beak, becoming 
gradually more flattened toward the front of the shell. 

Surface of the shell marked by sharply elevated, rather distant, con- 
centric lines ; without other markings of any kind; substance of the shell 
very thin. 

The example used in description appears to be a dorsal valve, and is 
probably somewhat shorter, and more rounded posteriorly, than the 
ventral valve. The shell is someAvhat remarkable for its regular oval 
form and symmetrical outline, and in this respect differs from any shell 
of the genus with which we are acquainted. 

Formation and locality : In the Hudson Eiver group, twenty-five to fifty feet above 
low-water mark, opposite to Cincinnati, Ohio. Collection of II. P. James, Esq. 

Genus LINGULELLA, Salter. 

LlNGULELLA (DlGNOMIA?) ClNCINNATIENSIS (n. Sp.). 

Plate 1, figs. 2, 3. 

Shell above the medium size, sub-angularly ovate in outline ; the lat- 
eral margins of the valves gradually converging from the point of great- 
est width, near the lower end, for about one-fourth of the entire length 
of the shell, measuring on the dorsal valve; from this point the border 
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slopes rapidly to the obtusely rounded beak; basal or front margin 
broadly rounded. Beak of the ventral valve projecting a little beyond 
that of the dorsal ; the edges of the cardinal border strongly and abruptly 
inflected, forming an area along the entire cardinal portion of the valve, 
and leaving the outer margin of this portion of the valve saliently angu- 
lar. Under the beak, and extending across the area to the beak of the 
dorsal valve, there is a rather small, slightly "raised, and moderately con- 
vex deltidium, which does not appear to have been separable from the 
other portion of the shell, so far as can be determined from the material 
in hand. (The precise nature of this deltidial piece is not fully deter- 
mined.) Border of the dorsal valve also slightly inflected at the apex, 
and for a short distance below on both sides, but not forming an area as 
on the ventral valve. 

Surface of the valves convex, the ventral most ventricose ; sometimes 
marked by scarcely defined angulations, extending from near the apex of 
the valves to the lateral angles of the basal border. Other specimens 
have the surface evenly convex, or marked along the center of one or both 
valves by a broad, shallow depression. Dorsal valve most prominent and 
ventricose near the beak. 

Surface of the shell marked by fine, closely arranged, irregular, con- 
centric, depressed lines ; not lamellose, but leaving the spaces between 
the several lines flat, or slightly rounded. The surface not otherwise 
marked or sculptured, but smooth and polished. The interior of the 
valves are each marked by a strong, rounded, longitudinal ridge, extend- 
ing nearly one-half the length of the valve, and usually situated about 
half as far from the cardinal extremity as from the basal border. The 
muscular markings are very large, extending over a large portion of the 
surface, but on the specimens examined, not quite distinct enough for 
description. 

This shell has usually been referred to Lingula quadrata, Eichwald, but 
is in reality a very different and distinct species. The form of Eich- 
wald's species, judging from the best figures to which we have access, is 
broadly elliptical, more distinctly rounded at the base, and less angular 
at the rostral end, with a less pointed beak, and the lateral margins of 
the shell sub-parallel. Almost the same differences are noticed when 
compared with the New York shells referred to that species, they having 
nearly or quite the characters of the European shell. 

There may be some doubt as to the proper reference of the species to 
Salter's genus Lingulella. The presence of the narrow cardinal area, 
although not exactly of the nature of that of Lingulella, precludes the pos- 
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sibility of its being a true Lingula ; and the strong mesial ridge along 
the interior of the valves would seem to separate it entirely from the 
former genus. But as the material now in hand is not entirely satisfac- 
tory, we prefer to refer it to Lingulella, as we are not certain in what par- 
ticulars it may differ from the genus Dignomia. 

Formation and locality: In the shales of the Hudson River group, at Cincinnati, 
Ohio. Collection of U. P. James, Esq. 



Genus LEPTOBOLUS, Hall. 
Leptobolus lepis. 

Plate 1, figs. 10, 11. 

Leptobolus lepis, Hall; Descr. of New Species of Fossils from Hud. Riv. Gr., etc., Oct., 

1871, p. 3. 
Leptobolus lepis, Hall ; 24th Rept. State Cab., p. 226, pi. 7, figs. 19, 20. 

"Shell minute, ovate, or broadly elliptical in outline, about three-fifths 
as wide as long, and seldom exceeding seven hundredths of an inch in 
length ; moderately convex, the greatest convexity about one-third of the 
length from the beak; ventral area thickened; pedicel groove strongly 
defined; muscular impression broad, extending more than one -third the 
length of the valve ; muscular ridges of the dorsal valve strongly marked, 
the central one extending two-thirds the length of the shell, the lateral 
ones diverging from each other at an angle of about forty-five degrees, 
and extending nearly to the middle of the valve ; extremities bifid." 

" Surface of valves concentrically marked by fine lines of growth." 

The specimens of this species are minute scale-like bodies, found scat- 
tered over the surface of the layers in certain beds of the formation, and 
are easily overlooked, except by those accustomed to the forms usually 
found in the formation. They are an exceedingly interesting group of 
shells, from the fact of their apparently gregarious habits, and the great 
numbers of individuals usually found associated in localities where they 
occur. The same habit appears to have prevailed among the other spe 
cies of the genus, so far as yet observed. 

Formation and locality : Shales of the Hudson River group, at Cincinnati, Ohio. 
The original specimens were from the collection of Mr. C. B. Dyer. 
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Genus TREMATIS, Sharpe. 
Trematis millepunctata. 

Plate 1, figs. 4-7. 

Trematis mtilepunclata, Hall; Ext. 20th Kept. State Cab., p. 14, 1866. 
Trematis millepunctata, Hall ; 24th Rept. State Cab., p. 221, pi. 7, figs. 22-25. 

Shell small or medium sized, sub-orbicular, slightly transverse on the 
ventral side and lenticular in profile. Ventral valve strongly convex 
below the middle, more depressed above, and with a narrow, deeply de- 
pressed pedicle-opening extending to the cardinal border, the margins 
being flattened for a space nearly equal to the breadth of the opening. 
Dorsal valve more elongated than the opposite, most convex above the 
middle ; beak pointed, and projecting considerably beyond the cardinal 
margin of the ventral valve, and having a depressed or concave triangu- 
lar area. 

Interior of the dorsal valve marked near the middle by two compara- 
tively large, semi-circular or reniform muscular scars ; the breadth across 
the two more than equals one-third the diameter of the valve, and in the 
center of the valve by a slight mesial septum. 

Surface strongly punctate in concentric curves passing from the center 
of the shell outwards, extending through the substance of the shell near 
the front margins of the valves, and distinctly marking the internal 
casts left by the decomposition of the shell ; inner layers of the shell not 
punctate. 

This species has been commonly identified with T. terminalis=Orbicula 
lerminalis, Emmons. It differs, however, from that species in the more 
transverse form, less convexity of the ventral valve, and prominent 
beak of the dorsal ; as also in not having the puncta passing entirely 
through the substance of the shell as they do in that species. 

Formation and locality: In the shales of the Hudson Eiver group, at Cincinnati, 
Ohio. 

Trematis punctostriata. 

Plate 1, figs. 8, 9. 
Trematis pnnctostriata ; 23d Rept. State Cab., p. 243, pi. 13, figs 17, 18. 
The following is the description of this species as given in the 33d 
Report : 

" Shell of medium size, oblate, with the rostral border somewhat pro- 
truding, giving a broadly oval form to the upper valve. Upper valve 
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convex, most prominent near the umbo ; lower valve flat, transversely- 
elliptical and strongly notched on the posterior margin, the notch ex- 
tending two-thirds the distance from the edge to the center of the valve." 

" Surface marked by distant, radiating, impressed striae, which are in- 
dented along the bottom by distinct puncta. In exfoliated specimens 
neither the striae nor puncta are visible, these being features of the ex- 
terior layer only." 

" The puncta and distant striae are features which distinguish this spe- 
cies from any other described." 

There are several individuals of this species in the collection of Prof. 
J. Hall, from Cincinnati, Ohio, and a single lower valve has been noticed 
among collections received from U. P. James, Esq., of Cincinnati. The Ohio 
shells differ from the originals of the species (from the hydraulic lime- 
stones at Clifton, Tennessee, supposed to belong to the Trenton lime- 
stones) in being perhaps a little more circular in outline, or a little more 
elongate, and in having the notch of the lower valve much narrower. 
As the Ohio specimens are all either flattened or otherwise distorted, 
these differences may not hold good in more perfect individuals ; we 
therefore prefer to consider them as belonging to the same species ; espe- 
cially as the structure of the shell and the lines of puncta are, so far as 
can be determined, perfectly identical. 

Formation and locality: In the shales of the Hudson River group, at Cincinnati, 
Ohio. 

Genus SCIIIZOCRANIA (new gen.). 

Among the uharticulated brachiopods of the Silurian formation there 
is a group of radiatingly striated shells, which may be typified by Or- 
bicula f filosa, Hall, Pal., N. Y., Vol. I., p. 99, pi. xxx., fig. 9, which have 
usually been referred to the genera Discina and Trematis, but which do 
not exactly correspond in character to either of those genera. They 
differ from Discina, and also from Orbiculoidea (to which many of our 
Palaeozoic Discinoid shells probably belong) in several particulars; 
among which may be mentioned the striated surface, the marginal beak 
of the upper valve, and the widely divided posterior margin of the lower 
valve, which forms a deep marginal notch, instead of an eccentric fora- 
men or perforation, as in those genera. The lower valve in this group is 
firmly fixed and cemented to foreign substances, while those of the above 
genera are free, the whole being attached only by a byssus passing 
through the foramen of the lower valve. The substance of the shell is 
also of a much more calcareous nature, if not entirely so. To the genus 
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Trematis, Sharpe, they are more nearly related, both in the notched char- 
acter of the lower valve, and in the marginal beak of the upper valve ; 
but here their external similarity ends. The nature of the external 
markings is entirely different from all true species of that genus ; the 
surface of the shells of this group being simply striated with radiating 
lines, while those of that genus are characterized by rows or lines of 
punctures, radiating or eccentric, passing through the outer layers of 
the shell. The great difference, however, is in the lower valve, and in 
their habits of growth. The species of Trematis, so far as can be deter- 
mined from the typical forms, have been bysifferous shells, like those of 
Discina, attached to foreign bodies by a byssus or plug passing through 
the foramen of the lower valve, both valves being capable of consider- 
able motion ; never being permanently attached by their surfaces to for- 
eign substances, but having a definite form characterizing each species. 
While these under consideration have been closely adhering bodies, like 
those of Crania, the lower valve being permanently attached to the sur- 
face of other shells or foreign bodies, by the whole lower side of the 
valve becoming fixed and united, and conforming in shape to the sub- 
stance on which it grew. This feature is proved in Orbicula f filosa, Hall, 
by numerous examples, most of those from Ohio being attached to valves 
of Strophomena alternata; and in one case no less than five individuals 
are seen grouped upon a single valve of that shell, all of which show 
parts of the lower valve, and all growing firmly to the shell, and con- 
forming to it in curvature ; three of the five retaining portions of the 
upper valve. Two other groups are known, of three in each group, 
attached to the same species of shell, and retaining parts of the upper 
valves more or less perfect. We are not aware of a single example from 
the formation at Cincinnati, Ohio, showing the two valves united, ex- 
cept in this parasitic condition. In the Utica slates, at Utica, New 
York, the upper valves of this species (0. ? filosa) are quite common, but 
the lower valve is very seldom seen ; and among collections of scores of 
individuals from these slates, we know of only one group showing the 
lower valve. This group is clustered around the lower end of an Or- 
thoceras, and among about thirty upper valves there are only thirteen 
lower valves seen, a few of which are not attached to the Orthoceras, but 
lie quite close to it. 

The muscular markings of Trematis are not clearly understood; all 
that we know at present being two large, irregular formed imprints near 
the center of the upper valve. In the form under consideration there 
are six imprints known in the the upper valve, two of which are large, 
and situated near the rostral portion of the valve ; two others, minute, 
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situated just below and between the lower ends of the former, with two 
medium sized circular ones near the center of the valve, and distant from 
each other. The external features and habits of the shells, however, 
certainly form strong distinctive characters, and ones of considerable 
more than specific importance, and upon these features principally we 
propose to separate them as a distinct genus, under the name of Schiz- 
omania, hoping to be able, at no distant day, to illustrate more fully 
their internal characters. 

The features as at present known are given in the following diagnosis: 

Genus SCHIZOCRANIA. (new gen.). 

Unarticulated, inequivalve, brachiopodous shells, growing parasitic on 
foreign bodies, to which they are attached by the close adhesion and 
anchylosis of the external or inferior surface of the lower valve. Lower 
valve fiat or conforming to the surface to which it adheres ; deeply 
notched on the posterior side of the center, the notch extending from a 
point more or less distant from the center of the valve to the posterior 
margin, where the sides of the slit are widely and distantly separated. 
Upper or free valve more or less convex, and having a beak terminal on 
the posterior margin. Surface of the upper valve radiatingly striated in 
the typical species ; the lower valve concentrically wrinkled. Muscular 
imprints of the free valve, six known ; two of which are situated near 
the rostral portion of the valve, large, ovate, and diverging ; two minute, 
approximate, just below and between the former ; and two of medium 
size, circular, distant from each other, and situated near the center of 
the valve. Those of the lower valve unknown. Type, S filosa=.Or- 
bicula ? filosa, Hall. The striated surface, widely notched lower valve, 
and parasitic habits are the strong distinctive points. 

The genus, so far as at present known, is confined to the Silurian for- 
mations. 

SCHIZOCRANIA FILOSA. 

PI. 1, figs. 12-15. 
Orbicula ? jttosa, Hall ; Pal. N. Y., Vol. I., p. 99, pi. xxx., fig. 9. 
Trematis filosa, Hall ; 23d Kept. State Cab., Expl. of pi. 13, figs. 21 and 22. 
Shell orbicular, or very slightly ovate, the beak of the upper or free 
valve projecting a little beyond the limits of the circle, giving a some- 
what greater diameter along the median line than in a transverse direc- 
tion. Free valve moderately convex, the central region being the most 
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prominent. Attached valve discoid, very thin, deeply and broadly 
notched on the posterior side ; the notch not extending quite to the 
center of the valve; occupying nearly one quarter of the circumfer- 
ence of the valve on the outer margin ; border of the notch thickened, 
especially at the base, which is rounded, and the center marked by a 
slightly projecting point. Interior of the free valve marked by two pro- 
portionally large, elongate, ovate, diverging muscular prominences, leav- 
ing corresponding pits on the casts of the shell, or on exfoliated speci- 
mens; situated just below the beak, and extending to nearly or quite 
one-fourth of the length of the valve from the apex. There are also two 
other muscular impressions semewhat smaller in size, circular in form, 
and situated near the middle of the valve below the extremities of the 
ovate imprints, and slightly more distant from each other. Beneath the 
beak there is a slight thickening of the cardinal border. The muscular 
markings of the lower valve have not been observed. 

Surface of the shell of the convex valve marked by fine, even, thread- 
like, radiating striae ; increased both by division and implantation, and 
gradually increasing in strength toward the border of the shell ; the in- 
terspaces where the shell is perfectly preserved are flattened, the striae 
appearing as raised lines on the surface. The attached valve is strongly 
marked by irregular concentric undulations circling the valve parallel 
to the margin, but interrupted at the border of the notch. 

Formation and locality : la the Hudson Eiver group in the vicinity of Cincinnati, 
attached to Strophomena alternata most frequently. Collection of U. P. James, Esq. 

Genus CRANIA, Retzius. 
Crania scabiosa. 

Plate 1, fig. 17. 

Crania scabiosa, Hall; Ext. 20th Rept. State Cab., November, 1866, p. 13. 
Crania scabiosa, Hall ; 24th Rept. State Cab., p. 220, pi. 7, fig. 15. 

Shell small, less than medium size, discoid or but slightly elevated* 
sometimes prominently and irregularly convex ; irregular in outline, with 
thickened margins. Apex of the dorsal valve eccentric, varying in 
position in different individuals. Surface of the valves usually marked 
by strongly lamellose lines of growth, which are sometimes obscured by 
the roughness of the substance upon which they have grown, giving its 
character and form to the shell by causing it to grow irregular, so as to 
assume the feature of the body itself. Ventral valve thin, not preserv- 
ing the muscular marking and other features of the interior in a condi- 
tion for description. 
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The shells of this species are mostly found adhering to the surface of 
other forms of Brachiopods, and are by no means uncommon. They gen- 
erally assume the surface features of the body to which they are attached 
to such an extent as to become almost unrecognizable when attached to 
coarsely marked surfaces, and are not unfrequently mistaken for adher- 
ing rock, and forcibly removed. When attached to shells having moder- 
ately sized plications, the upper valve of the Crania is found to conform 
in surface characters to that of the foreign body, the plications passing 
obliquely across the valve, and it is only when attached to comparatively 
smooth surfaces that the true features of the shell can be obtained. 

Formation and locality : In the shales of the Hudson River group, at Cincinnati, 
and Waynesville, Ohio, and at several other places in the same formation outside of 

theState. 

Crania i^elia. 

Plate 1, fig. 16. 

Crania Mitt, Hall; Ext. 20th Rept. State Cab., Nov., 1866, p. 13. 
Crania Lxlia, Hall ; 24th Rept. State Cab., p. 220, pi. 7, fig. 16. 

Shell small, discoid, or moderately convex on the upper valve ; outline 
circular, or a little narrowed toward the cardinal border. Apex of the 
dorsal valve minute, not prominent, varying from sub-central to about 
one-third the length of the valve from the cardinal margin. 

Surface of the dorsal valve marked by fine but sharply elevated, radi- 
ating strise, which are sometimes tortuous, and frequently increased by - 
implantation. Ventral valve and interior of the shell not observed. 

This is a distinct and well-marked species, not readily mistaken for 
any other from rocks of this formation, although there are forms known 
in higher positions that resemble it somewhat. Its nearest described 
analogue is 0. crenistria, Hall, from the Hamilton group of New York ; 
but the strise are sharper and the apex more appressed. 

Formation and locality : In the Hudson River group, Oxford, Ohio. We have also » 
seen specimens from Cincinnati. 

Genus ORTHIS, Dalman. 
Orthis clytie. 

Plate 1., figs. 18, 19. 

Orthis clytie, Hall ; 14th Rept. State Cab., p. 90, 1861. 
Orthis clytie, Hall ; 15th Rept. State Cab., pi. 2, figs. 4 and 5. 

Shell of medium size, semi-elliptical outline, with the cardinal angles • 
rounded; valves plano-convex; hinge line less than the width of the 
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shell below. Ventral valve depressed, convex, most ventricose on the 
umbo; area narrow, longitudinally striated, extending a little more 
than two-thirds the width of the shell ; divided in the center by a 
broadly triangular foramen, which is partly filled by the cardinal pro- 
cess of the opposite valve; beak very small. Dorsal valve flat in its 
normal condition, though generally concave from compression ; area very 
narrow. Interior of the dorsal valve characterized by a strong mesial 
septum and highly elevated cardinal process, which is thin and not 
bifurcate; also by strong projecting crural processes and distinctly lim- 
ited muscular impressions of medium size. Ventral valve marked by 
large cardinal muscular imprints, which are pointed anteriorly and 
widely divergent, the adductor muscle imprints being small and situated 
near the rostral portion of the valve ; teeth not strong ; muscular im- 
pressions strongly limited. Near the margin of both valves in the 
larger specimens there is a thickening of the valves, extending entirely 
around the shell, except near the central portion of the hinge line. 
Surface of the valves marked by fine, closely arranged, radiating 

. striae, and by several strong concentric lines of growth, as well as by 
very fine concentric lines, which are undulated as they cross the radi- 

. ating striae. 

The shell has much the form and appearance of 0. emacerata, Hall, 
;from the same geological formation, but is much larger and somewhat 
thinner in proportion to its size than that species, and the internal fea- 
tures are quite distinct. The ventral valve is not so distinctly carinate 
. along the median line, although sometimes slightly so. 

Formation and locality : In the shales of the Hudson River group, near Cincinnati, 
• Ohio, but on the opposite side of the river. So far as we can ascertain, no specimens 
< of the species have yet been found on the Ohio side. 



OETHIS ELLA. 

Plate 1, fig. 20. 

Orthis [?] ella, Hall ; 13th Rept. State Cab., p. 121, 1860. 

Or/his [?] ella, Hall ; 15th Rept. State Cab., p. 158, Exp. pi. 2, fig. 6-8. 

Orthis [?] ella, Hall ; 24th Rept. State Cab., Exp. pi. 7, fig. 21. 

Shell small, ovate ; valves nearly equally convex ; hinge line extremely 

;short, being scarcely more and sometimes less than one-third the width 

of the shell, and scarcely affecting the contour of the cardinal margin, 

which slopes from the beak of the ventral to the lateral margins a little 
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above the middle of the valve. Dorsal valve gibbous, subcircular ; the 
beak extending a little above the hinge line, and the area extremely 
short. Ventral Valve broadly ovate, sloping from the beak ; beak pro- 
duced beyond the line of the opposite valve, and pointed, not incurved • 
area twice as long as high; foramen narrow and extending to the apex 
of the beak, and sometimes truncating the extremity. 

Surface marked by from fifteen to twenty simple, abruptly rounded or 
subangular plications. 

This small Orthis is so peculiar as not to be readily mistaken for any 
other known in our strata. The short hinge line and area, and the pro- 
duced beak of the ventral valve, are characteristic features. In some 
specimens the area is obscure or undefined, and the shell has much the 
aspect of Trematospira. It is a rare speciea, and I have not seen more 
than twenty individuals, all of which preserve the characters given 
above, the variation being mainly in the number of striae ; those with 
fewer striae are frequently more gibbous than the others. Length about 
one-third of an inch ; the width a little more. 

The above description is taken from the 13th Report of State Cabinet 
of New York, 1858 and 1859. Up to the present time there are no new 
facts in our possession in regard to the generic relations of this peculiar 
shell. 

Formation and locality : In the calcareous shales of the Hudson River group, near 
Cincinnati, Ohio. From the collections of Mr. S. T. Carley and Mr. U. P. James. 

Orthis Jamesi. 

Plate 1, figs. 21, 22. 
Orthis Jamesi, Hall; 14th Rept. State Cah., p. 89, 1861. 
Shell small, transversely semi-elliptical ; hinge line longer than the 
width of the shell below, with somewhat salient angles. Valves convex, 
the ventral much the deepest, with an elevated, almost pointed beak, and 
rather high, vertical, or slightly overhanging cardinal area, which is 
about four times as long as high, and divided in the center by a propor- 
tionally large fissure, once and a half as high as wide ; the surface of the 
valve is regularly and evenly sloping from the small pointed beak to the 
edges of the shell in young specimens, and sometimes slightly carinate 
on the umbo, or becoming broadly and shallowly sinuate in front in 
larger individuals. Dorsal valve more evenly convex from the small 
incurved beak to the front, when not distorted by compression ; often 
depressed just within the cardinal angles, giving slightly recurring car- 
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dinal extremities. Area narrow, foramen wide and open, the cardinal 
process being small and inclined inwards, does not fill the foramen, as is 
the case in many species. 

Surface of the valves marked with from twenty-four to twenty-eight 
sharp, angular plications, commencing near the beak, and continuing 
simple for the distance of a quarter of an inch, beyond which point they 
frequently bifurcate, or are increased by implantation until they become 
fasciculate. This feature is only seen in the larger individuals, the young 
or smaller specimens h aving the plications simple, or marked only by a 
few added ones, the fasciculation not appearing until a more advanced 
stage of growth. 

The shell somewhat resembles 0. p\icatella, but differs in the extended 
hinge line and in the inequality of the area of the two valves — that of 
the ventral being much larger than in that species, giving an entirely 
different form to the umbonal portion of the valve. It resembles much 
more closely young individuals of 0. tricenaria, Conrad, .but the plica- 
tions on that species are always simple. Compared with 0. disparilis, 
Conrad, from the Trenton limestones of Wisconsin, which appears to us 
to be only a young specimen of 0. tricenaria, which species occurs abun- 
dantly in the same vicinity as the original 0. disparilis came from ; it 
differs in the greater convexity of the dorsal valve, and in the lower 
cardinal area of the ventral, as well as in the duplication of the plica- 
tions. 

Formation and locality : In the shales of the Hudson River group in the vicinity of 
Cincinnati, Ohio. We have seen specimens of what we believe to have been this 
species in collections under the name of 0. disparilis. 



LAMELLIBRANCHIATA. 

Genus PTERINEA, Goldf. 
Pterinea demissa. 

Plate 2, fig. 1. 

Avieula demissa; Conr. Jour. Acad. Nat. Sci., Phil., Vol. VIII., p. 42, pi. 13, fig. 3. 
Avicula demissa, Emmons ; Geol. Rept. 2d Dist. N. Y., p. 404, fig. 2. 
Avieula demissa, Hall; Pal. N. Y, Vol. I., p. 292, pi. 80, fig. 2. 

Shell sub-rhomboidal in outline, with the basal margin rounded; 
hinge-line much longer than the body of the shell ; anterior wing ex- 
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tended into a rather long, acute point, when perfect, forming nearly one- 
third of the length of the hinge, measured from the point of the beak ; 
posterior wing large, rather obtusely pointed, and extending as far as the 
body of the shell below ; body of the shell oblique, a line drawn from the 
beak to the center of the base forming an angle with the posterior hinge- 
line of about sixty-five or seventy degrees ; posterior margin of the shell 
broadly and roundly, but not deeply, excavated between the posterior 
wing and the postero-basal extremity of the shell; basal margin rather 
sharply rounded ; anterior margin obliquely sloping from the hinge-line, 
being nearly parallel with the body of the shell ; very slightly excavated 
below the anterior alation. Left valve strongly convex when not com- 
pressed, prominent and rounded in the center, but flattened and slightly 
concave toward the alations ; beak small, extending but little above the 
hinge-line ; flattened or depressed convex on the umbo. Right valve 
concave, the concavity not exceeding one-half the convexity of the oppo- 
site valve, and usually somewhat shorter on the basal portion. 

Surface of the convex valve marked by regular, concentric, lamellose 
lines, the edges of which are sharply elevated when well preserved, giv- 
ing an exceedingly roughened character to the surface. In the degree of 
this latter feature, as also in the relative distance of the lines, there is 
considerable variation in different individuals. Surface of the concave 
valve distinctly lamellose, but the precise features have not been very 
clearly determined, as no very good specimens of this valve have been 
examined. 

Formation and locality : Specimens of this species are not uncommon in the upper 
part of the beds of the Hudson River group, as seen at Cincinnati, Ohio, which 
do not appear to differ in any important feature from specimens found in the 
same formation in New York. The species is probably found at most localities of the 
formation, or will be on careful examination, as it is a form having a very extended 
geographical range. 

Genus AMBONYCHIA., Hall. 

(Pal. N. Y., Vol. I., p. 163; 1847.) 

Ambonychia radiata. 

Plate 2, fig. 2. 

Ambonychia radiata, Hall ; Pal. N. Y., Vol. I, p. 292, pi. 80, fig. 4. 
Ambonychia radiata, Hall ; 12th Kept. State Cab., p. 110. 
Ambonychia radiata, Hall; Geol. Rept. Wis., p. 54. 

Shell small to medium sized, varying in outline from sub-quadrangular, 
with a rounded base, to acutely ovate, according to the degree of obliquity 
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of the body of the shell to the direction of the hinge-line. Surface of the 
shell ventricose, and often sub-carinate on the umbones and toward the 
beaks, gradually and somewhat regularly sloping to the basal margin, 
becoming attenuate and compressed toward the postero-cardinal region, 
and abruptly truncate and even impressed on the anterior side. Beaks 
acutely pointed, strongly incurved, terminal, and projecting above the 
line of the hinge ; posterior end at right angles to the hinge straight or 
rounded, or sometimes sloping obliquely backwards to the postero-basal 
margin ; base sharply rounded. Anterior border of the valves excavated 
below the beaks, forming a rather large byssal opening, which is usually 
about half as wide as long when the valves are united. 

Surface of the valves marked by strong, radiating ribs, which are sim- 
ple throughout, strongest on the body of the shell, and becoming finer on 
the postero-cardinal region. On the upper portion of the shell the ribs 
are flattened on the top, and often grooved in the center, giving them a 
strongly duplicate character, but becoming smooth below, the spaces be- 
tween as narrow, or much narrower, than the width of the rib. The 
ribs are crossed by fine, concentric, imbricating lines of growth, which 
undulate as they cross the elevation. 

There seems to be considerable variation of form and surface charac- 
ters among the specimens which appear to be properly referable to this 
species, so much so, that it is difficult to give the features which appear 
on different specimens in a single specific description, without appearing 
to go beyond the limits of reasonable specific distinction. The general 
form of the shell, in the first place, is so variable that one might select 
individuals, which, if taken alone, might serve as types of several dis- 
tinct species ; but in a collection of twenty or thirty specimens, taken 
promiscuously, will be found examples that will connect the whole into 
a series uniting the extremes of form. Among the specimens studied, 
we find examples where the hinge-line is at right angles to the posterior 
and anterior borders, these being parallel ; in others the direction of the 
posterior margin will vary ten, fifteen, or even a greater number of de- 
grees from a right angle with the hinge-line, being directed obliquely 
backwards ; others, again, have the posterior and basal margins forming 
an almost regular curve from the posterior extremity of the hinge-line 
to the antero-basal portion of the shell. The base is sometimes broadly 
rounded, and, again, obliquely and acutely rounded, with the longest 
point much posterior to the middle of the shell. In the surface charac- 
ters they also vary much in the form and number of the ribs, even 
among the more finely radiated forms. On some the ribs are flattened 
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on top, on others they are rounded, the spaces between being very nar- 
row, or even wider than the ribs —the surface may be smooth or con- 
centrically striated ; yet among all these features there are none constant 
enough to constitute specific distinctions. Among specimens of A. radi- 
ata from the same rocks in New York, we find corresponding differences. 
The species A. radiata was founded upon the finely radiated forms, while 
the more coarsely ribbed form, which is sometimes quite angular on the 
umbonal ridge, was identified with Pterinea carinata, Goldf., which was 
originally described from a specimen of this character from New York, 
and which agrees, in most respects at least, with the western form known 
as Arnbonyckia costata, James. 

Formation and locality : In the higher beds of the Hudson River group, at Waynes- 
ville, Ohio. The species occurs at other localities, and is often found in collec- 
tions labeled as coming from Cincinnati, Ohio. 



Genus TELLINOMYA, Hall. 
Tellikomya pectunculoldes. 

Plate 1, fig. 24. 

Tellinomya pectunculoldes, Hall ; Descr. New Species of Fossils from the Hudson River 

Group, etc., p. 4; 1871. 
Tellinomya pectunculoides, Hall ; 24th Rept. State Cab., p. 228, pi. 7, fig. 26. 

The following is the description of this species, as given by Prof. Hall, 
as above cited : 

" Shell small, sub-circular in outline, with the posterior end slightly- 
prolonged below the middle, giving a little obliquity to the shell ; pos- 
terior cardinal border sloping to the point of greatest extension; anterior 
and basal borders regularly rounded; beaks small; general surface of the 
valves depressed convex. Hinge plate strongly arcuate, more abruptly 
curving in the middle, occupied by ten or twelve teeth on each side of 
the center, those in the middle being nearly straight, becoming more and 
more bent and angular toward the extremities; muscular impressions 
large and distinct ; pallial line strongly marked, situated considerably 
within the border of the valve. Surface characters of the valves not 
observed." 

Among the specimens examined from Cincinnati there is a slab of 
several inches square, covered with exfoliated specimens of this species, 
some of which preserve the shell sufficiently to show that the surface was 

6 
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generally smooth and destitute of markings of any kind. The species 
is readily distinguished from the other forms associated with it by the 
more circular form, T. levata and Lyrodesma Cincinnatiensis, both being 
more pointed posteriorly and angular along the umbonal ridge. 

Formation and locality: In the Hudson River group, at Cincinnati, Ohio. The 
original specimens were from the cabinet of Mr. C. B. Dyer. 

Tellinomya levata. 

Plate l,fig. 23. 

Nucula levata, Hall ; Pal. N. Y., Vol. L, p. 150, pi. 34, fig. 1. 

Tellinomya levata, Hall; Descr. New Species of Fossils from the Hudson River Group, 

etc., 1871 ; Expl. of pi. 3, fig. 27. 
Tellinomya levata, Hall ; 24th Kept. State Cab. ; Expl. of pi. 7, fig. 27. 

The specimens of this species which we have observed from Ohio 
localities have usually been in a very bad state of preservation, seldom 
retaining the general features of the shell sufficiently perfect for identi- 
fication. The species found in New York is sub-rhomboidal in outline, 
broadly sub-ovate, obtusely pointed at the posterior end, and rounded 
anteriorly, with ventricose valves and proportionally large, pointed, 
moderately incurved beaks. The specimens are usually about half an 
inch long, and a little less in height. The individual figured shows only 
the hinge plate and a portion of the margin of the shell, the interior 
being filled with rocky material. The species may be readily distin- 
guished from other similar forms associated with it by the curvature of 
the hinge plate beneath and posterior to the beaks. 

Formation and locality: On the surface of the limestone slabs from the Hudson 
River group, at Cincinnati, Ohio, and also occasionally flattened individuals from the 
softer portions of the group in the same vicinity. 

Genus LYRODESMA, Conrad. 
Lyrodesma Cincinnatiensis. 

Plate 1, fig. 25. 

Lyrodesma Cincinnatiensis, Hall ; Descr. New Species of Fossils from the Hudson River 

Group, etc., 1871, p. 4. 
Lyrodesma Cincinnatiensis, Hall; 24th Rept. State Cab., p. 227, pi. 7, fig. 28. 

" Shell small, sub-rhomboidal in outline, and obtusely pointed at the 
postero-basal angle ; valves moderately convex, with a sub-angular um- 
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bonal ridge and narrow cardinal slope ; anterior end rounded and passing 
into the broadly rounded basal line ; posterior end oblique, pointed be- 
low; hinge line short; beak very small. Hinge plate occupied by six 
angular, crenulated, radiating teeth, which diverge from beneath the 
beak, and are strongly arched upwards between their origin and extrem- 
ities; crenulations minute, but very distinct; muscular impressions and 
pallial line not observed." 

The specimens of this species that have been observed lay imbedded 
on the surface of limestone blocks, and present the inner side of the shell 
to view, so that the exterior features of the shell have not been seen, 
consequently a full description of the species can not be given. The 
species differs in the general form from L. poststriata, and also from L. plana, 
found in the same geological position in New York, in the more equal 
length and breadth of the valves. The form is somewhat similar to that 
of Tellinomya levata, associated with it, but the angularity of the umbonal 
ridge will serve to distinguish it externally, while the concavity of 
the posterior hinge line, as well as the form of the teeth, will readily 
distinguish it internally. 

Formation and locality : In the limestones of the Hudson River group, near Cincin- 
nati, Ohio. The originals were from the collection of 0. B. Dver. 



Genus MODIOLOPSIS, Hall. 

(Pal. N. Y., Vol. I., p. 157.) 
MODIOLOPSIS MODIOLARIS. 

Plate 2, fig. 17. 
Pterinea modiolaris, Con. ; Ann. Rept. Geol. Surv. N. Y., 1838, p. 118, and. 1839, p. 63. 
Cypricardites modiolaris, Con. ; Ann. Rept. Geol. Surv. N. Y., 1841, p. 52. 
Cypricardites ovata, Con. ; Ann. Rept. Geol. Sur. N. Y., 1841, p. 52. 
Cypricardites ovata, Emmons; Geol. Rept. 3d Dist. "N". Y., p. 405, fig. 2, 1842. 
Cypricardites angustifrons, Emmons ; Geol. Rept. 3d Dist. N. Y., p. 405, fig. 1. 
Modwlopsis modiolaris, Hall; Pal. N. Y., Vol. I., p. 294, pi. 81, fig. 1, and pi. 82, fig. 1. 
Modiolopsis modiolaris, Hall; Foster and Whitney, Lake Sup., p. 214, pi. 31, fig. 2a. 

Shells of this species are not uncommon among collections of Lamelli- 
branchiates from the vicinity of Cincinnati. They are, however, usually 
in the conditions of casts of the interior, and present only the internal 
characters, beyond the general outline and form of the shell. Occasion. 
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ally, however, examples are obtained preserving the surface markings 
and other specific features. The form of the shell is elongate ovate, 
widest within the posterior third of the length; hinge line distinctly 
arcuate throughout, and strongly bent beneath the beak, the shell being 
contracted in width at this point, giving a narroAV, sharply rounded an- 
terior end, which is longest below the line of the middle of the shell. 
Basal line sinuate a little anterior to the middle, corresponding to a 
broad, shallow, and undefined sulcus which crosses the valves ; posterior 
end strongly rounded ; shorter above the central line than below, and 
gradually rounding into the posterior cardinal border. General surface 
depressed convex; beaks small, compressed, and but slightly elevated 
above the limits of the hinge plate. This latter feature is considerably 
changed in many of the casts by the removal of the substance of the 
shell from between the beaks, leaving a much greater depth below the 
beaks than is really the case with the shell itself, giving them the ap- 
pearance of considerable elevation. 

Surface of the valves moderately convex; most flattened toward the 
anterior end; the middle of the valve marked by a broad, undefined 
sulcus; the whole marked by fine, irregular strise, and a few stronger 
lines indicating stages of growth. Anterior muscular scar large, rather 
strongly marked ; posterior scar large, and very faintly marked. 

This species differs from M. pholadiformis, Hall, in being destitute of 
the diverging plications which characterize that species; and from 
M. concentrica, herein described, by its greater size, and by the absence 
of the regular, concentric plications on the posterior slope, as seen on 
that species. 

The specimens occur usually much compressed, so that the valves 
show but little convexity ; but some of those obtained have been com- 
pressed vertically, producing an unnatural degree of convexity, and con- 
siderable angularity along the umbonal ridge and on the central parts of 
the shell — at the same time shortening the vertical height of the speci- 
mens. 

Formalism and locality : In the shales of the Hudson River group, near Cincinnati, 
and Waynesville, Ohio. 
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MoDIOLOPSIS PHOLADIFORMIS. 

Plate 2, fig. 16. 

Modiolopsis pholadiformis, Hall; Post, and Whit., Lake Sup., p. 213, pi. 30, fig. 1, and 
pi. 31, fig. 1. 

Shell of medium size or larger, sub-ovate in outline, widest posteriorly ; 
the length usually about twice as great as the breadth. Valves depressed 
convex, but usually flattened bj r compression ; umbonal ridge slight, 
sub-angular in the upper part, becoming almost obsolete behind ; anterior 
portion having a slight sulcus crossing the valves from the beak, and 
reaching the base at or within the anterior third of the length. Hinge 
line arcuate ; anterior end contracted below the beaks, slightly pro- 
longed, and narrowly rounded in the lower part ; basal line contracted at 
about a third of its length from the anterior end, corresponding with the 
sulcus crossing the shell, and strongly curved upwards toward the poste- 
rior extremity ; posterior margin obliquely truncate ; longest at the pos- 
tero-basal angle, and rounded toward the extremity of the hinge line. 
Beaks small, compressed, slightly angular, and projecting but little 
above the hinge. 

Surface of the valves marked with numerous irregular, concentric lines 
of growth, strongest on the anterior end; and also by low, rounded, some- 
what irregular, and occasionally bifurcating plications, which diverge 
from the umbonal ridge, curving gently backwards in their course toward 
the basal line, and more strongly to the cardinal margin. Anterior to 
the sulcus of the valves these diverging plications have not been noticed, 
and it is probable that they do not occur on this part of the shell. 

The species has about the same general form and outline as that of 
M. modiolaris, but differs very materially in the existence of these diverg- 
ing plications of the surface, and also from any other shell found asio- 
ciated with it. 

Formation and locality : In the soft shales of the upper part of the Hudson River 
group, near Waynesville, Ohio. We have not seen specimens of this species from any 
other locality in Ohio, but it is probable that they may occur in most localities of the 
upper beds of the formation, as it appears to have a somewhat extended geographical 
range ; the original specimens of the species being from the Little Bay de Noquet, at 
the upper end of Green Bay, Lake Michigan. 
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MODIOLOPSIS TRUXCATUS. 
Plate 2, fig. 13. 

Modiolopsis truncatus, Hall ; Pal. N. Y., Vol. I., p. 296, pi. 81, fig. 3. 

Oomp. Anodontopsis unionoides, Meek ; Pal. Ohio, Vol. 1., p. 141, pi. 12, fig. 2. 

Shell below the medium size ; shortly ovate in outline, the widest part 
being about one-third of the entire length from the posterior end. Valves 
compressed, or depressed convex, most prominent near the center. 
Beaks small and closely compressed, scarcely projecting beyond the line 
of the hinge. Anterior margin rather shortly rounded, the extremity 
extending but little beyond the beaks ; basal margin gently and regu- 
larly curving; posterior end more broadly rounded than the anterior, 
and most abruptly at the postero-basal portion; above, it slopes more 
gradually backwards to the extremity of the hinge line, with which it 
unites without forming any perceptible angle. 

Surface of the valves marked by irregular, rather strong, concentric 
lines of growth. 

The internal casts — the condition in which the species is usually found 
in the softer parts of the formation — show a large, elongate posterior 
muscular scar, situated a little within the postero-cardinal margin, and 
parallel with it ; also a smaller lunate anterior scar, and an entire pallial 
line. The hinge plate would seem to have been of considerable width, 
but its features have not been observed in specimens from Ohio. Those 
from the sandy shales of the formation in New York show it to have been 
a true Modiolopsis. 

Formation and locality: The species appears to have been not uncommon in the 
soft shales of the Hudson River group, in the vicinity of Cincinnati, Ohio, as speci- 
mens have been derived from several sources with this label. Examples have also 
been received from Prof. Edward Orton, from the more compact layers at the base of 
the formation, at Frankfort, Kentucky. We are also strongly inclined to believe that 
the specimen figured in Vol. I., Pal. Ohio, pi. 12, fig. 2, under the name Anodontopsis 
unionoides, will prove to belong to this species. 

Modiolopsis concentrica (n. sp.). 

Plate 2, fig. 18. 
Shell of medium size; elongate ovate in outline; broadest near the 
posterior end, and contracted in front of the beaks. Hinge line arcuate, 
gradually declining toward the extremity and rounding into the poste- 
rior margin, which is more sharply rounded below than above the mid- 
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die ; basal line gently curved, becoming a little sinuate at or about the 
anterior third of its length ; anterior end narrowly rounded. Beaks 
small, and compressed on the back, projecting but little above the hinge. 
Surface of the valves moderately convex when not distorted by pressure ; 
most prominent about the umbonal ridge, which is low, and broadly 
rounded ; not forming a conspicuous feature of the valve. A very slight 
and rather undefined mesial sulcus crosses the valves from the beak to 
the sinus of the basal margin. 

Surface of the shell marked on the cardinal slope and posterior end by 
regular, even, concentric furrows, from three to four of which occupy the 
space of an eighth of inch in their strongest parts. These furrows are 
most distinctly marked near the cardinal margin, and become obsolete 
in crossing the umbonal ridge; existing on the basal portions and ante- 
rior end only as fine, irregular, concentric striae of growth. Anterior 
muscular impression strongly defined and proportionally large; forming 
a rather distinct, sub-circular or reniform protuberance on the anterior 
end of the casts; posterior impression not observed; pallial line often 
distinct on the anterior half; partly composed of detached transverse 
pustules. 

The specimens of this shell observed in collections have generally 
been found among and considered as identical with those of Modiolopsis 
modiolaris, but it is always of much smaller size, being generally not 
more than two-thirds as long when fully grown as the ordinary sized in- 
dividuals of that species, and although the general form is very similar, 
the concentric markings of the cardinal slope and posterior end readily 
distinguish them. These markings are of such a nature that they are 
usually preserved on all specimens retaining any specific markings. 
The specimens are frequently much distorted by compression, and when 
the pressure has been vertical, or in the direction of the plane of the 
shell, the convexity is considerably increased, often causing them to ap- 
pear nearly cylindrical. 

The species resembles very closely Modiomorpha concentrica of the Ham- 
ilton formations of New York (Modiola concentrica of authors) in its gen- 
eral appearance and surface markings, so much so, that it might readily 
be mistaken for that shell ; but the concentric, undulating strias becom- 
ing obsolete on the umbonal and anterior portions of the shell, will serve, 
we think, as an unfailing means of distinguishing them— the striae on 
that species continuing over all parts. 

Format-on and locality: In the softer layers of the Hudson River group, near 
Waynesville, Ohio. Received from Jesse Van Duser, Esq., of that place. We have 
seen specimens labeled Cincinnati, Ohio, and perhaps it may also occur at that locality. 
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MODIOLOPSIS ClNCTNNATIENSIS (n. Sp.). 
Plate 2, figs. 14, 15. 

Shell of medium size or smaller; elongate ovate, or narrowly sub-ellip- 
tical in outline; widest posteriorly, and abruptly contracted in front of 
the beaks; hinge line slightly arcuate, and a little more than half as 
long as the shell posterior to the beaks; posterior' margin obliquely slop- 
ing, with a slight convexity, from the extremity of the hinge line to 
the postero-basal angle, which is the point of greatest length of the shell. 
Basal line gently curving throughout its length in most cases, but in 
some examples becoming slightly sinuate opposite or a little posterior 
to the beaks. Anterior end narrow, not very extended, and sharply 
rounded. Beaks small, appressed ; projecting but little above the hinge 
line, and situated just within the anterior third of the length of the 
shell. General surface of the shell moderately convex ; most prominent 
along the posterior umbonal ridge, which is sharply rounded or obscurely 
angular ; umbonal slope abrupt and slightly convex. An obscure, shal- 
low mesial depression extends across the valves from the beaks, reach- 
ing the basal line just behind the anterior third of the length. 

Surface marked by numerous, irregular, concentric lines of growth, 
which are often strongly marked, bat without any definite arrangement • 
a little stronger on the anterior portion of the shell than elsewhere- 
The substance of the shell is thin, and the surface, when perfect, quite 
polished. 

This species bears considerable resemblance to the larger specimens of 
the form identified with and figured as M. anodontoides, Conr., in Palaeon- 
tology of New York, Vol. I, p. 298, pi. 82, fig. 36, but differs in the greater 
breadth posteriorly, and in being much more contracted in width in front 
of the beaks. From the other forms given on the same plate as the same 
species it differs more strongly, and can not be readily confounded with 
them. The specimen represented by fig. 3a of the same plate, which is 
the original of the species used by Mr. Conrad for description, and that 
which must be considered as possessing the true specific characters, is 
much more angular along the umbonal ridge ; the hinge line is propor- 
tionally longer, and the anterior end of the shell shorter and broader 
than in the species under consideration. 

Formation and locality : In limestone of the Hudson River group, near the base of 
the formation, at Cincinnati, Ohio. 
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Genus SEDGWICKIA, McCoy. 
Sedgwickia? divaricata (n. sp.). 

Plate 2, fig. 3. 

Shell small, transversely elongate ovate, widest posterior to the mid- 
dle; length of the shell about twice the width ; beaks pointed, promin- 
ent, and projecting above the hinge line ; flattened on the back and 
sharply angular on the ridge; valves somewhat compressed; hinge line 
slightly arcuate, and extending to within a short distance of the greatest 
length of the shell ; posterior extremity broadly and somewhat regularly 
rounded ; basal margin gently and evenly convex to within a short dis- 
tance of the anterior end, where it is more abruptly curved upward to 
the anterior extremity, which latter is a little above the center of the 
shell and sharply angular, the Upper side sloping rapidly from between 
the beaks to the point of greatest extension. Valves distinctly angular 
along the umbonal ridge, which extends in nearly a straight line from 
the beak to the postero-basal margin ; above the ridge the cardinal slope 
is wide, gently convex in the higher portions, but becoming compressed 
toward the postero-cardinal region. Anterior to and below the umbonal 
ridge the general surface of- the valve is flattened, or very depressed 
convex, with a gradual slope from the crest of the ridge to the border of 
the shell. 

The surface of the valves is marked by two sets of ridges, the first 
set forming concentric undulations parallel to the lines of growth, and 
are, for the size of the shell, proportionally strong; posterior to and 
above the umbonal ridge they are not so distinctly marked. The second 
set exist in the form of strong, rounded plications, diverging from the 
line of the umbonal ridge toward the base of the shell below, and to the 
cardinal margin above, each of them curving very gently toward the an- 
terior end in their course to the border of the valve. These plications 
are mostly simple, but a few of them appear to bifurcate. 

This feature of diverging plications marking the surface of Lamelli- 
branchiate shells of the Silurian formation is an exceedingly rare one ; 
and it is somewhat remarkable that two species should occur in the same 
formation, and in the same vicinity, having this form of surface orna- 
mentation, Modiolopsis pholadiformis, Hall, being the other species. They 
are, so far as we are aware, the only American forms from rocks of this 
age having this style of marking. 
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There may be some doubt as to the true generic relations of this 
species, as the specimen does not present any of the internal features. 
It can not with propriety be placed under Modiolopds or Orthodesma, as 
the projecting beaks is a feature not likely to pertain in a species of 
either of those genera ; we therefore place it provisionally under the 
genus Sedgwickia, from a resemblance in external form to some of the 
species referred to that genus by its author, although we are in great 
doubt as to the precise characters of that genus, from the heterogeneous 
material referred to it. 

Formation and locality: In the shales of the Hudson River group, at Blanchester, 
Ohio. The specimen described and illustrated is the property of U. P. James, Esq., 
of Cincinnati, and is, we believe, the only individual yet discovered. 



Genus CUJSTEAMYA (new gen.). 

Thin, fragile, bivalve shells, with ventricose valves, and strong, prom- 
inent, incurved beaks. Cardinal line straight, or gently curved. Hinge 
edentulous. Valves united by an external ligament of greater or less ex- 
tent, posterior to which the margins of the valves overlap each other to 
the extent of the cardinal line. Margins of the valves inflected along 
the cardinal border, forming a narrow escutcheon posterior to the beaks, 
and anteriorly a well-defined lunule is situated below the beaks. Ad- 
ductor muscles, at least two, are anterior and posterior. Pallial line sim- 
ple. Type, Cuneamya Miamiensis. 

The above genus is proposed for the reception of a group of Silurian 
Lamellibranchiate shells, which have been variously referred to Lepto- 
domus, Grammysia, Sedgwickia, etc., but which do not appear to us to 
possess the true features of any of those groups ; and although the entire 
features of the shells under consideration have not been fully and posi- 
tively determined, the want of a term by which to designate them is so 
strongly felt in their description that we have thought it advisable to 
propose a group for their reception, rather than to refer them to one with 
which we are perfectly satisfied they have no affinity. Although Prof. 
McCoy has himself described similar forms as Leptodomus, yet the type 
of that genus is of such an entirely different nature that we do not hesi- 
tate to pronounce these as belonging to an entirely different class of 
shells. From Grammysia they differ considerably in their external char- 
acters, but more decidedly in the absence of the strong, tooth-like fold of 
the hinge, which the shells of that genus are now known to possess. 
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With Sedgwickia we believe them to have little or no affinity ; still, from 
the very heterogeneous nature of the material referred to that genus, we 
are somewhat at a loss to know of what the group consists, until the 
characters of the types can be ascertained. 



. CUNEAMYA MlAMIENSIS (n. Sp.). 
Plate 2, figs. 9, 10. 

Shell small, cuneiformly ovate in outline, largest at the anterior end, 
tapering, and somewhat pointed posteriorly. Valves very ventricose in 
the anterior part and on the umbonal region, approaching gibbosity ; 
beaks proportionally large, strongly enrolled, projecting prominently 
above the hinge line, and nearly or quite terminal, varying in this latter 
feature slightly in different individuals ; cardinal line very little curved, 
extending more than half the length of the shell posterior to the beaks ; 
escutcheon distinct, but not strongly marked; lunule very distinct, mod- 
erately large, and deeply impressed, the margins being somewhat angu- 
lar ; anterior end of the shell inflated, the border rapidly sloping back- 
wards from the lower extremity of the lunule to the basal line, into 
which it gradually fades ; basal line moderately arcuate, with a broad, 
shallow sinus about midway of its length, corresponding to the very 
shallow depression of the surface of the valve; posterior end acutely 
rounded, sloping rapidly above from the extremity of the hinge line to 
near the point of greatest length ; posterior umbonal ridge very promin- 
ent and rounded on the anterior two-thirds of the shell, gradually becom- 
ing less prominent posteriorly; cardinal slope moderately concave ; an- 
terior umbonal region very full and abruptly rounded, and declining to 
the anterior margin of the valve, giving to this end of the shell a some- 
what truncated aspect ; central portion of the valves slightly depressed, 
forming a broad, shallow, and undefined sulcus, extending from the 
beaks, and gradually widening to form the broad, shallow sinus of the 
basal line. 

Surface of the shell marked by numerous, rather fine, or proportionally 
small, even, concentric plicae or ridges, extending from the margin of the 
lunule to beyond the posterior umbonal ridge, becoming obsolete on the 
cardinal slope. The number and size of these concentric furrows and 
ridges vary considerably in different individuals of the species! 

Specimens of this species were received from persons in Ohio, with the 
understanding that it had been described by Mr. Meek as Grammysia 
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neglecta. Not having then seen his figures, and the species having been 
described from very imperfect material, we were not able to determine 
fully the specific relations. On strictly comparing it, however, with his 
description and figure, as given in the first volume Palaeontology of Ohio, 
pi. 12, fig. 8, it proves to be a very distinct species. Mr. Meek describes 
his species as " about one-third longer than high, rather distinctly com- 
pressed, most convex and most elevated in the central and umbonal 
region" — also as having the basal line forming a "nearly semi-oval 
curve, its most prominent part being near the middle" — while the 
species under consideration is about twice as long as high, not at all 
compressed, but, on the contrary, extremely ventricose, except near the 
posterior extremity, with the central portion not so prominent as the 
umbonal ridge, and with the basal line broadly sinuate, instead of form- 
ing a semi-oval curve, the depression in the basal line being just where 
that one is the most prominent. Several specimens of this species ex- 
amined preserve these features well marked. Another species, associated 
with this one in the same position and locality, has many more charac- 
ters agreeing with Mr. Meek's description and figure, a Small individual 
of which is represented on the plate, under the name adopted by him, 
for comparison. Among the collections of Prof. Edward Orton there is a 
specimen nearly twice the size of the one figured. 

Formation and locality : In the shales of the Hudson River group, near Waynes- 
ville, Ohio. 



CUNEAMYA SCAPHA (n. Sp. ). 

Plate 2, fig. 12. 

Shell of medium size, transversely elongate ovate, largest at the an- 
terior end, with prominent, incurved, nearly terminal beaks ; cardinal 
and basal margins parallel, or nearly so ; posterior end broad, obliquely 
truncate, and rounded from the extremity of the hinge line to the 
postero-basal angle; anterior end very slightly prolonged beyond the 
beaks, the upper margins inflected, forming a rather large sized lunule, 
below which the border slopes abruptly backwards to the basal line, 
forming a somewhat obtuse or undefined angle at their junction ; basal 
line gibbous at the anterior and posterior third of its length, flattened or 
somewhat sinuate in the middle. Surface of the valves convex for the 
anterior two-thkds of the length and to the crest of the umbonal ridge, 
beyond which it slopes abruptly to the postero-cardinal margin, being 
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almost concave between the two points, and giving a rather abrupt or 
sub-angular umbonal ridge, which curves in its course from the beaks to 
the postero-basal angle. The middle of the shell is marked by a broad, 
usually undefined, but sometimes distinct, oblique, mesial sulcus, extend- 
ing from the beaks to the basal margin, and occupying almost the entire 
space between the umbonal ridge and the anterior prominence. Cardinal 
slope broad, marked by a faint secondary ridge extending from behind 
the beaks to the middle of the postero-cardinal body. Surface of the shell 
marked by fine, somewhat even, concentric lines of growth, but without 
evidence of concentric ridges or plicae. 

This species differs from 0. Mtamiensis in the much less ventricose 
valves, less prominent beaks, and umbonal region, in the sub-parallel car- 
dinal and basal margins, and in the absence of concentric ridges. From 
SedgwicMa (Grammysia) neglecta, Meek, it differs in the less prominent 
beaks, in the straight or broadly sinuate basal margin, in the less con- 
vexity of the central region of the valves, and in the absence of the con- 
centric undulations of the surface. 

Formation and locality : In the soft shales of the Hudson River group, near Waynes- 
' ville, Ohio. 



Genus ORTHODESMA (new gen.). 

More or less elongate, bivalve shells, having the hinge line straight 
and generally extended posterior to the beaks, but contracted or bent 
beneath or anterior to them ; hinge plate apparently edentulous ; valves 
united by an external ligament extending to a greater or less distance 
along the posterior cardinal margin. Posterior muscular scar elongate 
ovate, anterior scar smaller, both faintly marked; pallial line simple. 
Shells thin, marked externally with irregular concentric plicas. Type, 
Orthodesma recta. 

The shells for which the above generic name is proposed are thin and 
generally compressed They have usually been referred to the genus 
Orthonota, Conr., or to Modiolopsis, Hall, but do not possess the generic 
features of either. From Orthonota they differ in having the hinge line 
bent or contracted beneath or just anterior to the beaks, instead of being 
continued in a straight line to the anterior extremity of the shell, as in 
Orthonota undulata, the species upon which Mr. Conrad founded the 
genus. From Modiolopsis they differ in the absence of hinge teeth, so far 
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as can be ascertained from several specimens and species examined, this 
part of the shell being very similar in character to that of the genus 
Anodonta. 

All the species yet fully determined as belonging to the genus are from 
the Hudson River group, but we are of opinion that several forms found 
in the Clinton group of New York will prove to have the same generic 
features. 



Orthodesma recta (n. sp.). 

Plate 2, figs. 7, 8. 

Shell elongate, solen-like in outline, two and a half to three times as 
long as wide, the cardinal and basal lines posterior to the beaks straight 
and parallel; anterior end abruptly contracted beneath the beaks to one- 
half the width of the body of the shell, somewhat extended and abruptly 
rounded at the extremity ; posterior end as broad as the body of the shell, 
obliquely rounded, longest at the postero-basal angle, and gently sloping 
backwards to the extremity of the hinge line; beaks small and com- 
pressed; surface of the valves between the umbona] ridge and the an- 
terior contracted portion depressed, forming a broad, shallow, and unde- 
fined sulcus, strongest toward the beaks, and becoming obsolete or lost in 
the general flattening of the shell before reaching the basal line, in 
which it scarcely produces any perceptible feature. 

The surface of the valves is marked by irregular, concentric lines of 
growth, and by several stronger undulations, which become somewhat 
regular on the posterior slope for a short distance below the hinge line. 
There are also appearances of one or two obscure secondary ridges on the 
cardinal slope between the umbonal ridge and the cardinal margin, ex- 
tending from near the beak to the posterior end of the shell. This latter 
feature is extremely faint, and may be often not observable. 

The species is not readily confounded with any other found in the 
same geological position, except, perhaps, 0. curvaia, from which it may 
be distinguished by the contraction of the basal line and the greater pos- 
terior breadth of the shell in that species. It somewhat resembles 
Orthodesma parallela—Orthonotaparallda, Hall, Pal. N. Y., Vol. I., p. 299, 
pi. 82, fig. 7, from the Hudson River group of New York, but differs in 
the greater contraction of the anterior end, the broader beaks, the broad, 
undefined depression of the median portion of the valves, and in the 
form of the posterior end of the shell, which in that species is rounded, 
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while in this one it is obliquely truncate. The surface characters also 
differ very materially in the two forms, that one having fine, even, regu- 
lar, concentric lines over the anterior two-thirds of the valves. 

Formation and locality : In the soft shales of the upper part of the Hudson River 
group, near Waynesville, Ohio. The specimen figured was obtained, with several 
others of different species, from Mr. Jesse Van Duser, of Waynesville, Ohio. 



Orthodesma curvata (n. sp.). 

Plate 2, fig. 6. 

Shell transversely elongate and narrow, the length equal to twice and 
a half or three times as great as the greatest width; cardinal and basal 
margins sub-parallel, or very gradually diverging posteriorly to near the 
posterior end ; cardinal line straight for one-third of the length of the 
shell posterior to the beaks, beyond which point it gradually curves 
downward to near the extremity, which is abruptly rounded, the longest 
portion being below the center ; basal line gently concave for two thirds 
of its length, but gradually rounding upwards at each end; anterior end 
long, equal to about one-fifth, and in some individuals nearly one-fourth, 
of the entire length of the shell, suddenly contracted beneath the beaks 
to about one-third the width of the shell across the beaks; beaks short 
and broad, slightly enrolled, and obliquely sloping anteriorly; body of 
the shell moderately convex, Avith a faint, scarcely perceptible umbonal 
ridge, anterior to which there is a broad, shallow depression crossing the 
valves from the beaks to the basal line, occupying fully one-third of its 
length. Anterior muscular scar strongly marked and of medium size, 
situated very near to the anterior extremity ; posterior scar not observed. 

Surface of the valves marked by numerous concentric wrinkles, often 
strongly marked on the cardinal slope near the cardinal border, and by 
finer, irregular lines of growth. 

The species bears considerable resemblance to Modiolopsis nasuta, 
Hall, from the Hudson River group of New York, and was, at first sight, 
thought" to be identical with that species ; but, on comparison with 
authentic specimens, it is found to have a much greater length posteri- 
orly in proportion to the length of the anterior end, that one being about 
twice as long posteriorly as anteriorly, while this species is from three to 
four times as long. The length of the shell is also greater in proportion 
to the height from the basal to the cardinal margin. 

Formation and locality : In the soft shales of the Hudson River group, near Waynes- 
ville, Ohio. Collections of Columbia College and of Prof. Edward Orton. 
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Orthodesma PARALLELA. 

Orthonota parallela, Hall; Pal. N. Y., Vol. I., p. 399, pi. 82, figs. 7a and d. 
The specimen represented by the figures la and d, loc. cit., was ob- 
tained many years ago among fossils collected at Cincinnati, Ohio. It 
is an internal cast in a calcareous sandstone, and was referred to the 
above species from its similarity of form in the absence of external char- 
acters. On strict comparison with the New York specimens, one of 
which is represented by fig. 7c of the same plate, and another by fig. lb, 
there are certain features that would seem to indicate it as belonging to 
quite a distinct species. The umbonal ridge is strongly marked and sub- 
angular, and the flattening of the sides of the shell, as well as the greater 
gibbosity of the valves, could never have existed on a shell specifically 
identical with that represented by fig. 1c. From the character of the 
rock composing the cast, and from the uncertainty of its exact locality, 
there may possibly be some doubt of its geological position ; and for these 
reasons we prefer to leave it without specific name until other and 
authentic specimens shall be obtained. 



Orthodesma contracta. 

Plate 2, figs. 4, 5. 
Orthonota contractu, Hall ; Pal. N. Y., Vol. I., p. 300, pi. 82, fig. 8. 

Shell small, elongate trapezoidal, length twice and a half to three 
times the width ; cardinal and basal margins sub-parallel ; hinge line 
exceeding half the length of the shell, straight posterior to the beaks ; 
posterior end obliquely truncate, scarcely rounded on the margin ; basal 
line straight or gently sinuate near the middle; anterior end contracted 
beneath the beaks to a little more than half the width of the body of the 
shell, and extended anteriorly to a distance equal to its width ; extrem- 
ity sharply rounded ; beaks small, incurved, flattened on the umbones, 
and projecting a little above the line of the hinge ; umbonal ridge prom- 
inent a ad sub angular; cardinal slope flattened, or slightly concave. 

Surface of the shell marked by fine, irregular, concentric lines, and by 
stronger, distant undulations, or varices, marking stages of growth, and 
also on the cardinal slope by several strong, equi-distant, oblique plica- 
tions parallel with the posterior extremity of the shell, extending from 
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the cardinal margin to the crest of the umbonal ridge, where they become 
obsolete. 

This species is readily distinguished from any of the other forms asso- 
ciated with it, by the strong, distant, and oblique plications of the car- 
dinal slope, which is a marked feature. 

The original figures of this species, given in Volu*me I., Palaeontology 
of New York, as above cited, have been copied by several European 
authors, and referred to as an example of the genus Orthonota, Conrad- 
It is scarcely necessary, however, to say that it differs very materially 
from the true type of that genus, Orthonota undulata, Conr., which has a 
hinge line, perfectly straight, extending beneath the beaks and reaching 
to the extremity of the anterior end of the shell. The undulations of 
that shell, as well as the secondary ridges of the cardinal slope, differ 
very materially from the short, oblique plicae marking this species. The 
genus Orthonota consists of the first or earliest solen-like shells of which 
we have any knowledge, and the earliest form in which there is the 
slightest chance of finding a pallial sinus— the pallial line in all the 
forms which we know in rocks of earlier date being without sinus — 
and we are not certain in this one or even in any Devonian genus, 
of a truly sinuate pallial line. 



CEPHALOPODA. 

Genus ORTIIOCERAS, Breyn. 
Orthoceras Duseri (n. sp.). 

Plate 3, figs. 2-4. 

Shell of medium size, rather rapidly and gradually enlarging from; 
below upwards, the diameter increasing to twice the size in the space of 
four and a half inches. Transverse section circular ; length of the outer 
chamber not determined. Septa moderately concave, and closely ar- 
ranged, but gradually increasing in distance with the increased size of 
the shell— six chambers occupying the space of one inch where the 
diameter of the shell is one and a half inches at the upper one of those 
measured; nearer the joint there are ten to twelve in the same distance 
where the diameter is only three-fourths of an inch. Siphuncle eccen- 
tric situated a little nearer to the center than to the margin; very small, 
where it passes through the septa, but expanding within the chambers 
7 
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to about four times its diameter at the other point, and forming a flat- 
tened bead-like body within each chamber. 

Surface of the shell apparently smooth, except that the edges of the 
septa are raised above the general level, in the form of narrow rings. 
This feature may possibly be due, in part at least, to an expansion of the 
septa during tha process of petrifaction, but it would scarcely seem to be 
the case, as the feature is too regular, and only shows where the external 
shell is wholly or partly preserved. The rings are often some little 
wider on the surface than the thickness of the septa. Where the sur- 
face is most perfectly preserved there is also a finely reticulate or net- 
like character, dividing the surface into small rhombic figures of micros- 
copic dimensions, having their longest diameters corresponding to the 
length of the shell, and presenting a. surface similar to that frequently 
produced by the attachment of bryozoans ; but the regularity is so great 
that this can not have been the origin of the feature ; neither have the 
rhombs any thing like a radial structure or direction in any part, as 
would have been the case if they were the result of the growth of a bry- 
ozoan. Along one side of the shell and directly opposite to the position 
of the siphuncle, there is a narrow, raised, longitudinal line, extending 
the entire length of the tube, but slightly interrupted just above each 

• one of the annular rings. 

The species resembles somewhat the O.crebriseptum, Hall (Paleontology 
of New York, Vol. I., p. 313, pi. 87), but increases much more rapidly in 
size, and does not possess the longitudinal markings of that species. In 
the rapid expansion of the tube it corresponds nearly with 0. Sieboldi, 
Bill., from the island of Anticosti ; but the septa are much more numer- 
ous, that one having seventeen in the space of seven inches, while this 
one has the same number in the space of two and a half inches. 

Formation and locality : In the shales of the Hudson River group, near Waynesville, 

• Ohio. The specific name is given in honor of Jesse Van Duser, Esq., of that place, 
who furnished the specimen, and several others, described and figured, from the same 

- locality. 



Orthoceras Carleyi (n. sp.). 

Plate 4, fig. 19. 

Among the fossils received for examination from the Hudson River 

■formation there is a very interesting specimen of Orthoceratite, which 

does not appear to belong to any described species, but is in such a state 

• of preservation as to present but few distinguishing features. Still, the 
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conditions under which it presents itself are of such a nature as to make 
it one of considerable interest. The specimen consists of an inner sep- 
tate tube of a little more than five inches in length, with a diameter at 
the lower end of about three-eighths of an inch, by about seven-eighths 
at the upper end, giving an increase of half an inch in the length of 
five inches, or of one-tenth of the length. This tube is surrounded by 
two others, one within the other; each of the three being separated by a 
space of about an eighth of an inch on either side, giving to each about 
the same degree of expansion. The spaces between the tubes are filled 
with sedimentary matter; that between the inner and middle tube being 
composed chiefly of finely comminuted organic remains, while that be- 
tween the two outer tubes is composed of fine silt chiefly, and in some places 
with crystalline matter. The septa of the inner tube are closely arranged, 
eight of the spaces measuring one inch where the upper end of the space 
measured is seven-eights of an inch in diameter, those below being a lit- 
tle closer. These are all either empty spaces, or filled only by crystal- 
line matter. There is not the least evidence of septa or partitions of 
any kind across the spaces between the several tubes. The specimen 
lies imbedded in the rock, and weathered away to near the center of its 
diameter, but the section at the end shows that the inner tubes rest upon, 
or nearly upon, the inner surfaces of the surrounding ones, as though 
they had settled to this position after they had been imbedded in the 
sediment. These conditions would seem to indicate that there had been 
no very intimate connection between the several tubes, and that the 
spaces between the outer ones and the inner septate portion had been 
open to the access of foreign matter, while the inner septate portion had 
been closed, or that the outer tubes had been independent of each other,, 
and of the inner ones, and had only drifted into each other by accident. 
If this has really been the case, these outer tubes must be only the term- 
inal chambers, or chambers of habitation, and must have been of unusual 
length, as the degree of tapering would carry the middle tube to within a 
few inches, if perfect at the lower end, of the point of a specimen nearly 
or quite fifteen inches in length. The probability, however, is that they 
are only fragments of outer chambers that have drifted upon the inner 
ones by accident. 

At first sight the specimen might be taken for a beautifnl example of 
the genus Endoceras; but true examples of this genus are septate in the 
outer tubes, while the inner ones are free from septa. The reverse is, 
however, the case in the example before us. 

Formation and locality: The specimen occurs in a fragment of limestone composed 
principally of comminuted organic remains, and from its character appears to have , 
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been part of a drifted or loose piece. From the upper part of the Hudson River 
group, at Fayetteville, Brown county, Ohio. Collection of S. T. Carley, Esq., for- 
merly of Cincinnati. 



Orthoceras turbidum (n. sp.). 

Plate 3, fig. 1. 

Shell of moderate size and very gradually tapering ; septa not very 
closely arranged — four, or a little less than four, of them occupying the 
space of an inch where the diameter of the shell is one and a quarter 
inches ; on the specimen used for description, which has been somewhat 
flattened accidentally, giving a slightly increased width. Septa moder- 
ately concave ; siphuncle unknown. 

Surface marked by low, rounded, longitudinal ridges, about four and a 
half to five of which occur in the space of half an inch. 

The fragment from which the description is taken, and which is, so far, 
the only specimen known, is somewhat compressed, so that the spaces 
representing the chambers are slightly displaced and otherwise dis- 
torted, so that the entire characters of the species can not be deter- 
mined. But the surface features of the shell are so distinctive and so 
unlike any others from this horizon that it can not be readily confounded 
with them. 

Formation and locality : In the shales of the Hudson River group, at Cincinnati. 
Collection of U. P. James, Esq. 



Genus GOMPHOCERAS, Sowerby, 

GrOMPHOCERAS EOS (n. Sp.). 

Plate 3, fig. 5. 

Shell rather above the medium size, ovoid in form, somewhat tapering 
from below upward to the middle of the outer chamber, and as rapidly 
contracting above. Outer chamber apparently forming fully one-third of 
the entire length of the shell, judging from the form of that portion pre- 
served in the specimen, the whole being of an elongate ovate form. 
Septa deeply concave, and arranged at about one-fifth of an inch distant 
from each other. Siphuncle not satisfactorily determined. Surface of 
shell and form of aperture unknown. 

The specimen from which the description is taken is quite imperfect 
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and flattened, measuring about four and a half inches in length, by a 
breadth, in its flattened condition, of three and a quarter inches across 
the middle of the outer chamber. The specimen preserves the filling of 
seven chambers, and is imperfect below, several having been removed. 
The occurrence of a species of this genus in rocks of this age is a matter 
of considerable interest. The only other known in this county, so far as 
we are aware, is the G. obesum, Bill., described in the Geological Report 
of Canada for 1857 ; but as we have not been able to compare it with a 
description of that species, we do not know how nearly this one may re- 
semble it. 

Formation and locality : In the upper part of the shales of the Hudson River group, 
near Dayton, Ohio. Ohio State collection. Collected by Prof. Edward Orton. 



ENTOMOSTRACA. 

Genus LEPERDITIA. 

Sub- genus ISOCHILINA. 

Lepeeditia (Isochllina) cylindrica. 

Plate 4, fig. 5. 

Leperditia (IsochUina) cylindrica, Hall ; Descr. New Species of Eossils from the Hud- 
son River Group, etc., p. 7. 
Leperditia (IsochUina) cylindrica, Hall; 24th Kept. State Cab., p. 231, pi. 8, fig. 12. 

The original description of this and the following species of bivalve 
entomostracans is copied from the above cited reports, as we have not 
seen any additional specimens, and the originals have been returned to 
their owners ; consequently no new facts have been collected in relation 
to their characters or habits. 

"Carapace minute, seldom exceeding two-hundredths of an inch in 
length, nearly twice as long as wide ; valves very convex and cylindrical, 
the anterior and posterior ends sub-equal and strongly rounded ; car- 
dinal line much shorter than the length of the valve ; tubercle obsolete." 
Surface smooth. 

There appears to be no tubercle or prominence of any kind on the sur- 
face of this minute species, and so far as can be ascertained the valves do 
not overlap on the basal border ; but as they have not been seen in con- 
nection, this feature on so small a species may easily be overlooked. 

Formation and locality: In the Hudson River group, at Cincinnati. The original 
specimens were from the collection of Mr. C. B. Dyer. 
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Lepeeditia (Isochilina) MINTJTISSIMA. 
Plate 4, fig. 4. 

Leperditia (Isochilina) minutissima, Hall ; Descr. New Species of Fossils from the Hud- 

Eiver Group, etc., p. 7. 
Leperditia (Isochilina) minutissima, Hall ; 24th Rept. State Cab., p. 231, pi. 8, fig. 13. 

Carapace minute, less than two-hundredths of an inch in length, the 
width being about two-thirds the length, greatest at the anterior third, 
giving a broadly ovate outline, with a straight cardinal margin of about 
two-thirds the length of the valve. 

Surface of the valves smooth, rising into an obtusely pointed prom- 
inence at the anterior third of the length ; basal margins of the valves 
not overlapping, so far as can be ascertained. 

Formation and locality: In the Hudson River group, at Cincinnati, Ohio. The 
original specimens were from the collection of Mr. C. B. Dyer. 

Genus BEYRICHIA. 
Beyrichia tumifrons. 

Plate 4, fig. 8. 

Beyrichia tumifrons, Hall ; Descr. New Species of Fossils from the Hudson River Group, 

etc., p. 7. 
Beyrichia tumifrons, Hall ; 24th Rept. State Cab , p. 231, pi. 8, fig. 11. 

Carapace small, sub-reniform or semi-elliptical ; dorsal margin straight, 
nearly as long as tho entire length of the valve ; anterior and posterior 
extremities equal in width, or sometimes having the anterior a little 
wider; extremities sharply rounded; basal margin very broadly rounded. 
Surface of valves moderately convex, with a deep, narrow, marginal 
groove on the basal margin, which becomes obsolete on the ends before 
reaching the dorsal angles, leaving a sharp carinate border. Body of the 
valve strongly constricted by two deep, oblique sulci, the posterior one 
originating in the basal groove and extending obliquely backward two- 
thirds across the valve ; the second extends entirely across the valve at 
about one-third the length from the anterior end, and is strongly curved 
backward in the middle, so that the anterior portion of the valve forms 
a rounded area, which is often the most prominent part of the body, 
though in some specimens the central ridge is equally prominent. 

Surface minutely granulose. Length, six-hundredths of an inch ; 
width, about three-hundredths. 
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This species differs from B. oculifera in being destitute of the prom- 
inent eye tubercle. 

Formation and locality : In the Hudson Eiver rocks, at Cincinnati, Ohio. 



Beyeichia oculifera. 

Plate 4, figs. 9, 10. 

Beyrichia oculifera, Hall ; Descr. New Species of Fossils from the Hudson River Group, 

etc., p. H. 
Beyrichia oculifera, Hall; 24th Sept. State Cab., p. 232, pi. 8, figs. 9, 10. 

Carapace small, seldom exceeding seven-hundredths of an inch in 
length, by three to four-hundredths in the greatest breadth, in the 
largest specimens ; valves obliquely sub-reniform, broadest near the an- 
terior end, with a straight hinge line, which is a little shorter than the 
greatest length of the valve ; anterior end projecting beyond the hinge ; 
center moderately convex, with a proportionally broad, deep channel, 
just within the margin, extending all around it, except for a short dis- 
tance at the posterior extremity, near the dorsal margin. The body of 
the valve is crossed obliquely by two broad, deep furrows, having their 
origin on the dorsal margin, the posterior one situated a little more than 
one-third of the length of the valve from the posterior extremity, and 
extending fully two-thirds across it ; the anterior furrow is situated just 
behind the anterior third of the length, and in its lower portion is more 
strongly curved forward than the other. Eye tubercle large, peduncu- 
lated, very prominent, and spreading at the top, its surface equal to 
about one-third the width of the valve, and its height at the posterior 
margin equal to the breadth at the top, while the anterior margin is but 
little elevated, giving an obliquely sloping circular surface, with a den- 
ticulated border. This surface, under a strong magnifier, is seen to be 
covered by fine, eye-like facets, similar to those of the eyes of trilobites of 
the genus Mlsenus. 

This species is very distinct from any other described, in the form and 
strength of the transverse furrows, and especially in the great prom- 
inence of the club-shaped eye tubercle. So far as can be ascertained, it is 
the first species of this group of crustaceans in which the eye facets have, 
been detected. 

Formation and locality : In the shales of the Hudson River group, near Cincinnati 
Ohio. 
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Beyeichia Chambeesi. 

Plate 4, figs. 11, 12. 

Beyrichia Chambersi, S. A. Miller; Cin. Quart. Jour. Sci., Vol. I., p. 234, fig. 27; July, 
1874.* 

Carapace minute, the extreme length not exceeding half a line, and 
the greatest width not more than two-thirds as much as the length. 
Form of the valves broad ovate, with one side, for a space equal to about 
one-fourth of the width of the figure, cut away, forming the straight 
hinge line, which is equal in length to about six-sevenths of the entire 
length of the carapace. Greatest width of the valve a little more than 
one-third of the length from the anterior end. Surface of the valves 
highly convex, most prominent near the middle of the length, crossed 
by three curving sulci, none of which reach the ventral border, the mid- 
dle of the curve being directed toward the posterior extremity. The 
middle sulcus is stronger and much deeper than the others, while the 
posterior one is faintly marked, and situated at about the posterior third 
of the length. The anterior sulcus is short, comparatively deep, nearly 
semicircular, and situated within the anterior third of the length, and 
about midway between the cardinal and basal borders. From the an- 
terior margin of this depression, or between it and the anterior border 
of the valve, there rises a strong, thickened, lanceolate, or scythe-shaped, 
curved spine, which equals in length two-fifths, or sometimes one-half, 
that of the entire valve. The anterior and posterior surfaces of the spine 
are convex, the latter most strongly so, while the lateral edges are sharp, 
and the ventral one generally deeply serrate, although a few specimens 
have been noticed without the serrations, perhaps from wearing. The 
margin of the valve is bordered by a thickened rim, within which there 
is often a slightly depressed channel. Surface of the crust smooth, or 
very finely granulose. 

The species is remarkable for the strong, backward curving spine, situ- 
ated close to the anterior border, and by this character alone can be 
readily distinguished from any other form known from the Silurian rocks 
of America. Several examples have been noticed where the spines have 
been broken away just above the base, and in this condition might be 
mistaken for a specimen of B. oculifera, to which it bears considerable 

* Some months subsequent to writing this description, the species was described 
■under the above name, loc. (At, by S. A. Miller, and as our description had not been 
published before this time, his name will be used. 
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resemblance, both in size and general form, but the characters of the 
sulci will serve to distinguish them, as well as the rounded, disc-like 
character of the eye tubercle in the latter species. 

Formation and locality: In the shaly 'matter, between thin- bedded layers of lime- 
stones of the Hudson River group, near Waynesville, Ohio. 

Beyrichia quadrilirata (n, sp.). 

Plate 4, figs. 6, 7. 

Carapace minute, the larger individuals seldom exceeding three- 
hundredths of an inch in length, and often not more than that size. 
Form sub-quadrangular, longer than wide, the proportions being about 
as two to three, and a little the widest at the anterior third of the 
length. Dorsal margin straight, a little less than the greatest length of 
the valve; ends squarely rounded, and the. basal line scarcely flattened. 
General surface of the valves flattened, but marked by transverse fur- 
rows, four in number, three of which are distinct and deep, extending 
across, or nearly across, the valve ; the fourth is less distinctly marked> 
and extends but little more than half way across the valve. The fur- 
rows divide the surface of the valves into transverse ridges, which are 
situated, one at each end, and one at each third of the length. Those 
situated at the ends are narrow and abruptly elevated ; that at the an- 
terior third of the length does not reach quite to the dorsal margin; 
while that of the posterior third is much the strongest, rapidly widens 
in the lower part, and divided along the middle by the fourth, or smaller 
furrow, which gives it the character of a strong ridge, bifurcating in the 
lower half. The central furrow is wider than the others, oblique in its 
direction, and somewhat curved in its course toward the ventral border. 
The margin of the valves is strongly and abruptly depressed below the 
general surface, forming a narrow, flange-like projection around the ends 
and basal portions. Surface of the crust not spinose or granulose under 
a lens of moderate power. 

The species somewhat resembles B. trimlcata, Hall, from the Lower 
Helderberg group, in the general expression of the valves, but differs in 
the relative position of the furrows. The specimens vary considerably 
in the strength of the ridges, these, in some cases, being broad and 
rounded, as in the specimen figured, while in others they are sharp and 
narrow, leaving broader furrows between. 

Formation and locality : In the shaly matter, between thin layers of limestone of 
the Hudson River group, near Waynesville, Ohio. Associated with Beyrichia Cham- 
hern and Isochilina cylindrica, and 7. minutissima, Hall. 
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Genus TLUMULITES, Barrande ; Turrilepis, Woodward. 

Among the fossils from Cincinnati, received from U. P. James, Esq., 
are several detached plates of a species of the above named genus of 
Cirripedes. The specimens are minute, and mostly too imperfect for 
figuring. In examining other collections of fossils from the same place, 
a few imperfect fragments only have been detected. "We are, therefore, 
able to give only an imperfect description of the species. 

The specimens referred to appear to be the first of the genus recognized 
in this country, although long known in Europe, where they have at- 
tracted the attention of several eminent naturalists. They were for 
many years supposed to belong to the family Chitonidas, and were so re- 
ferred and described by M. L. de Koninck (Bui. de l'Acad. Royale des 
Sci., 1857), but in the Quart. Jour. Geol. Soc. London, 1865, p. 486, Mr. 
Henry Woodward refers them to the Cirripedia, under the generic 
name of Turrilepis there proposed, giving very clear reasons for consider- 
ing them as Cirripedes, and not Chitons. 

In the supplementary volume of the Crustacea of the Silurian System de 
la Bohemia, the author describes several species under the generic name 
of Plumulites, not recognizing Woodward's genus, as its characters were 
not defined or described by the author. 

As the species now described is known only from detached plates, we 
have given an outline of a figure copied from Mr. Woodward's article 
above cited, to aid in giving a better idea of the general form than can 
be derived from the specimens examined. The general form of the body 
appears to have been elongate ovate, or elliptical, and is composed of 
four or more ranges of imbricating plates of a somewhat triangular 
form, the whole somewhat resembling in appearance and character a 
loosely arranged pine cone imbedded in the rock. The body has prob- 
ably been furnished with a short pedicle at the lower extremity, but no 
evidence of such an appendage has yet been discovered. 



Plumulites Jamesi (n. sp.). 

Plate 4, figs. 1-3. 

General form of plates triangular, with the apex a little inclined to 
one side, the lateral margins gradually and rapidly diverging from the 
initial point, one of them considerably longer than the other. Basal 
margin sigmoidal, the convex portion situated next to the longest lateral 
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face, the concave portion to the shorter, and the shorter lateral margin 
deflected downwards in some cases (probably the marginal row of plates). 

The surface of the plates is flattened or slightly convex on the sides, 
and very faintly depressed along the middle, the whole marked by rather 
closely arranged, annulating, and scaliform transverse lines parallel with 
the basal or sigmoidal margin, and marking stages of growth. These 
transverse lines are usually faintest near the apex, and gradually in- 
crease in width with the increased growth of the plate, but in some ca'ses 
they are quite irregular in their distances. 

The length from the apex to the basal margin of the plate is usually a 
little greater than the transverse diameter, and seldom exceeds a six- 
teenth of an inch, the largest specimens seen not measuring a line in 
their greatest diameter. 

Formation and locality : In the Hudson River group, at Cincinnati, Ohio. We have 
detected fragments of a species apparently identical on surfaces of Trenton limestone, 
from near Trenton Falls, New York, received from 0. D. Walcott, Esq. The species 
is named in honor of U. P. James, of Cincinnati, Ohio. 



Genus CALYMENE, Brong. 
Calymene Christyi, Hall. 

Plate 4, figs. 13-15. 

Calymene Christyi, Hall; 13th Rept. State Cab., p. 119. 
Calymene Christyi, Hall ; 15th Rept. State Cab., pi. 10, figs. 2-5. 

"General form elongate ovate, symmetrical; body gibbous, the pygidium 
equaling the length of the head. Head semicircular, the frontal border 
expanded and gradually narrowing on the sides, the posterior angles ter- 
minating in a short, sharp spine. Glabella wide, slightly narrowing 
toward the front, regularly convex, strongly denned by the dorsal fur- 
rows, a little concave in the middle of the base ; occipital furrow well 
defined, nearly straight, and in right line with the cheek furrows ; posterior 
furrow oblique, defined, but not deep, the middle one nearly rectangular 
to the axis, while the anterior one is but slightly indented. The pos- 
terior lobe is much wider than the middle one, and about the same width 
as the anterior one. Cheeks small. Eyes very prominent. 

" Thorax with thirteen segments ; the axis salient, and a little wider 
in the middle than the lateral lobes ; the articulations of the latter flat, 
or slightly curving, for a little more than one-third their length, when 
they are suddenly bent downward. 
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" The pygidium is gibbous, semi-elliptical, with the axis very prom- 
inent, and marked by seven rings, the last one being longer and more 
prominent, with a minute, scarcely defined node at the extremity ; lat- 
eral lobes marked by six flattened ribs, the last one of which is minute, 
the expansion being continued in a narrow, flattened border around the 
posterior extremity." 

The above is a copy of the original description of the species. There 
may be some doubt in regard to the correct reference of this species to 
the genus Calymene, as many of its features would seem to ally it as 
closely to the genus Homalonotus. M. Barrande, in his great work on 
the trilobites of Bohemia, refers to that genus a species {H. Bohemicus) 
which bears a striking resemblance to this one. The facial suture, upon 
which considerable reliance is placed, has the character of the latter 
genus, rather than of that of Calymene, passing, as it does, around the 
front of the glabella, on the upper side of the head, instead of below. 
The form of the glabella is intermediate between that of the two genera, 
but most like that of Homalonotus, although there is evidence of three 
pairs of furrows in this species. The thoracic segments are very similar 
to Homalonotus, while the pygidium resembles more nearly that of Caly- 
mene. There is no described American form of either genera with which 
this species is readily confounded, as the general expression of the whole 
body is so distinct from any known species. The short spines at the pos- 
terior angle of the fixed cheeks is a feature often seen on well preserved 
specimens of Calymene senaria, as it occurs in the formations in the 
vicinity of Cincinnati, Ohio. 

Formation and locality : In the Hudson River group, near Oxford, Ohio ; and, so 
far as we are aware, it has not been found at any other locality. 



Genus DALMANIA, Emerich. 
Dalmania breviceps. 

Plate 4, figs. 16, 17. 

Dalmania breviceps, Hall ; Extr. 20th Eept. State Cab., p. 16, 1 866 ; 24th Rept. State Cab., 
p. 223, pi. 8, figs. 15 and 16. 

The following description is that originally given, as above cited : 

" Body broadly ovate in general form, having its greatest width across 

the base of the cephalic shield. Head sub-crescentiform, the anterior 

margin very slightly produced in front of the glabella. Frontal lobe of 

glabella transversely elliptical, the breadth nearly twice as great as the 
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length, separated from the anterior lobe by deep, narrow furrows. An- 
terior lobe transversely sub-ovate, prominent ; middle and posterior lobes 
obsolete ; occipital ring narrow, distinctly defined. 

" Eyes very prominent, with five lenses in the vertical range, but the 
number of vertical ranges can not be determined; palpebral lobe de- 
pressed. The outer border of the movable cheeks is thickened and 
rounded, and the space between the border and the eye depressed. The 
posterior spines long and broad, reaching to the sixth thoracic segment. 

"Thorax with the axial lobe highly convex and the lateral lobes 
strongly geniculate, sub-equal in width, rapidly tapering posteriorly 
from the fourth or fifth segment. Segments curved forward on the top 
of the axial lobe, and the furrows on the pleura strongly marked. 

" Pygidium obtusely pointed behind, the lateral borders inclosing an 
angle of about one hundred and twenty degrees, the anterior border 
rounded; the number of articulations not clearly defined, but apparently 
numbering about ten or twelve, besides the terminal one ; those of the 
lateral lobes have been more numerous. 

" The entire surface, so far as can be seen on the specimen, has been 
finely pustulose." 

The species is peculiar in the shortness of the cephalic shield, and in 
the apparent absence of the middle and posterior lobes of the glabella. 
It differs conspicuously from D. callicephala, of the Trenton limestones of 
New York, in the possession of spines on the posterior angles of the 
cephalic shield. From D. Carleyi, Meek (Palaeontology of Ohio, Vol. L, 
p. 170, pi. 14, fig. 2), it differs in the greater breadth of the head and gla- 
bella, and in the short, broad pygidium. 

As the original specimen from which the description quoted above was 
taken is the only one seen by us, we can not add any other features to 
those already given. 

Formation and locality : In the shales of the Hudson River group, upper portion, 
near Lebanon, Ohio. 



Genus PROETUS, Steininger. 
Proetus parviusculus. 

Plate 4, fig. 18. 

Proetus parviusculus, Hall; Extr. 20th Rept. State Cab., p. 17, 1866; 24th Rept. State 
Cab., p. 223, pi. 8, fig. 14. 

" Body, in general form, broadly ovate, widest across the base of the 
cephalic shield. Head sub-lunate, produced into long, sharp spines at 
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the posterior angles of the cheeks. Glabella elevated, broadly sub- 
corneal, rounded in front, concave behind ; furrows not visible. 

" Eyes comparatively large and prominent, separated from the glabella 
by a somewhat deep groove; border of the head broad and flattened. 

"Thorax having the axial lobe very prominent, narrower than the 
lateral lobes ; segments scarcely arching forward in the middle; lateral 
lobes geniculate, and having the extremities of the pleura directed back- 
wards and distinctly furrowed to near their outer extremities. 

" Pygidium small, semicircular, regularly rounded behind, and the an- 
terior margin straight to near the lateral angles, where it is abruptly 
curved backwards. Axial lobe narrow, not reaching to the posterior 
border of the shield, marked by five small annulations, with about the 
same number on the lateral lobes, which are less distinctly marked. 

" Surface smooth, or very finely granulose." 

We know of no American species resembling this one sufficiently near 
to require any comparison of characters. The Bohemian species P. sculp- 
lus, Barr., with which it is compared under the original description of 
the species, is sufficiently marked by the one less thoracic segment to 
prevent the possibility of mistake. In the original description above 
copied, by some oversight the number of segments is not mentioned in 
the description of the thorax. There are ten thoracic segments, strongly 
bent in the lateral portions, and terminating in sharp mucronate points 
directed obliquely backwards from the geniculations. From P. Spurlocki, 
Meek (Palaeontology of Ohio, Vol. I., p. 161, pi. 14, fig. 12), it differs so 
strongly that there can certainly be no danger of confounding them. 

Formation and locality : In the shales of the Hudson River group, at Cincinnati, 
Ohio. 
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BRYOZOA. 

Genus RETEPORA, Lamarck. 
Retepora angulata ? Hall. 

Plate 5, figs. 2-4. 

tEetepora angulata, Hall; Pal. N. Y., Vol. II., p. 49, pi. 19, fig. 3. 

Frond densely reticulated; fenestrules elongate, sub-rhomboidal, two 
to three times as long as wide, and pointed at the extremities, seldom 
measuring a line in length, and many of them not more than one-third 
of a line ; bars strongly rounded on the poriferous side, less convex and 
finely striated longitudinally on the opposite face. Pores arranged in 
two or more lines, usually three, but often becoming crowded and irregu- 
larly disposed at the junction of contiguous parts, where there are often 
as many as five in the breadth of the bar ; margins of the pores strongly 
exsert, the lower side forming a spur-like lip in the central ranges, while 
those of the lateral ranges have the outer lip extended and elevated, 
bringing that side of the margin to a level with the inner margin. 

The specimens examined, although having considerable resemblance 
to R. angulata, still differ in several important particulars, such as not 
possessing the angular ridges between the pores, and in having the bor- 
ders of the pores elevated, forming the spur-like projections which that 
species does not show. We, therefore, strongly suspect that it may prove 
to be a distinct species on the examination of other and more perfect 
specimens, in which case we propose for it the specific name Daytonenm. 

Formation and locality: In the limestones of the Clinton group, Soldiers' Home, 
near Dayton, Ohio. 
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Genus RHINOPORA, Hall.' 

(Pal. N. Y., Vol. II., p. 48, 1852.) 

Rhinopoka frondosa (n. sp.). 

Plate 5, figs. 8, 9. 

Bryozoum growing in thin, broad, irregular expansions, sub-palmate 
or sub-ramose ; cellulose on one face only (no evidence of cells on the 
opposite side has been seen in any of the specimens examined). Cells 
small, oval, arranged in regular rows where not obstructed in their 
regular growth, their border not distinctly raised to form a lip, but ap- 
pearing like the punctures made by a pin in the surface of a soft sub- 
stance, when directed obliquely to the plane of the surface; spaces be- 
tween the ranges of cells depressed, and a little less than the width 
of the cells. Surface of the frond traversed by depressed, ramifying 
grooves, at irregular distances, which are more deeply excavated than 
the spaces dividing the ranges of cells ; grooves bifurcating at irregular 
distances, the bifurcations alternating- on the opposite sides, and extend- 
ing about a tenth of an inch along the face of the frond, between the 
cells. There are also distant, slightly elevated maculae, irregularly dis- 
posed, but apparently having their centers at a bifurcation of one of the 
grooves ; but all of the bifurcations do not form centers of macula?. 

The species bears considerable resemblance to R. verrucosa, Hall (Pal. 
N. Y., Vol. II., p. 48, pi. 19, fig. 1), from the same formation at Flamboro 
Head, Canada West ; but differs in not having the distinctly elevated, 
oval, almost sac-like cells of that species, in the presence of the elevated 
macula?, and in the more regular ramifications of the grooves on the sur- 
face. In that species this feature is composed of raised lines, instead of 
grooves. 

Formation and locality: In the limestone of the Clinton group, near Dayton, Ohio. 

Genus STICTOPORA, Hall. 

(Pal. N. Y, Vol. L, p. 79, 1847.) 

Stictopoea magna (n. sp.). 

Plate 5, figs. 5, 6. 
Bryozoum forming broad, strong, somewhat rigid, bifurcating stipes, 
the sides or margins of which are parallel; bifurcations sometimes form- 
ing an angle of about twenty-five degrees, the inner margins of the 
branches almost or quite overlapping. At other places the branches or 
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divisions of the stipe are curved outward at the bifurcations, giving a 
much greater angle than in the forms above described. 

Surface of the bryozoum cellulose, the cells arranged in vertical lines 
parallel to the direction of the stipe, and also forming horizontal lines 
across the stipe. Cell apertures oval, their distances from each other 
equal to the diameter of the aperture in the vertical lines, and still 
greater in the horizontal lines. The substance of the stipe, between the 
ranges of pores, is marked by two additional microscopic pores at the 
base of each cell aperture, or midway between the contiguous cells. 
This feature is one not before observed in any species of the genus, and 
will serve to distinguish this species from any heretofore described. 

Formation and locality : In the Clinton group, at the quarries at the Soldiers' Home, 
near Dayton, Ohio. Collection of Prof. Edward Orton. 



Genus CLATHROPORA, Hall, 1852. 

(Pal. N. Y., Vol. I.) 

Clathropoea Clintonensis (n. sp.). 

Plate 5, fig. 7. 

Bryozoum frohdose, expanded, reticulate, with large oval openings 
passing entirely through the frond, forming the branches or divisions of 
the reticulations ; substance of the branches between the openings about 
equal in breadth to that of the opening, or narrower — seldom wider. 
Surface of the frond cellulose ; cells arranged in oblique lines, crossing 
the branches diagonally ; from six to twelve of the cells can be counted; 
in the width of the branch ; apertures rhomboid oval. 

All the examples examined have been separated through the center, 
on the plane of the frond, showing that they have a central dividing 
partition, the fronds being cellulose on both surfaces ; and over the entire 
surfaces presented to view we see only the inner face, or base of the cells. 
The form and character of the cell aperture is taken from small spots 
where the entire substance of the bryozoum has been removed, leaving 
an imprint on the surface of the stone. The species differs from C. fron- 
dosa, Hall (Pal. N. Y., Vol. II., p. 160, pi. 406, fig. 5), and also from 0. flabel- 
lata, Hall (Fost. and Whit., Lake Sup., p. 207, pi. 24, fig. 2), in the nar- 
rower branches and the smaller number of cells in their width. The- 
8 
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general resemblance is much the same, but these differences distinguish 
it quite readily. 

Formation and locality: In the limestones of the Clinton group, at the Soldiers' 
Home, near Dayton, Ohio. 



Genus PIL/ENOPORA, Hull, 1852. 

(Pal. N. Y., Vol. II., p. 46.) 

Phjenopora (Ptilodictya) expansa (n. sp-). 

Plate 5, fig. 1. 

Frond forming broad, elongate stipes, the entire length and form not 
determined, the larger fragments seen measuring nearly an inch in 
width, by nearly two and three-quarter inches in length, with a thick- 
ness of an eighth of an inch. The lateral edges are slightly irregular, 
but generally parallel in the specimens under consideration. Frond dis- 
tinctly separated longitudinally into two parts by a thin, central parti- 
tion extending from edge to edge, from the surfaces of which the cells 
take their origin, and diverge obliquely upward and outward to the 
surface of the frond. 

Surface of the frond divided by thin, longitudinal partitions, forming 
the sides of the cells, and separating them into longitudinal rows. The 

■ outer edges of the partitions are slightly raised above the upper and 
lower walls of the cells, and count ten or eleven in the space of a tenth 

. of an inch. Cells slightly oval, a little longer than wide, arranged in 
horizontal, or nearly horizontal, rows, diverging from the central parti- 
tion at an angle of about fifteen degrees above a horizontal, but varying 

.somewhat in different parts of the frond. There is an appearance of 
macuhe, or slightly elevated patches, on the surface, but they are not 

.-sufficiently distinct to determine their order or arrangement. 

The species is of the type and somewhat resembles P. constellata, Hall, 
from the Clinton group of New York, but the fronds are larger and 
thicker, while the macula? of the surface are much less distinct. It is 
possible, however, that if compared with more perfect specimens than 
we have seen, that it may prove to be more nearly allied than we have 
supposed. 

Formation and locality : In the limestones of the Clinton group, near Dayton, Ohio. 
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BRACHIOPODA. 
Genus STROPHOMElsTA, Rafinesque. 

Strophomena patenta. 

Plate 5, fig. 10. 

Leptena patenta, Hall; Pal. N. Y., Vol. II., p. 60, pi. 21, fig. 36. 
Strophomena patenta, Hall ; 12th Rept. State Cab., p. 82. 

Shell of medium size, semi-ovate in outline, wider than long ; valves 
resupinate, the ventral being concave beyond the middle of the shell. 
Hinge line as long, or longer, than the width of the shell below ; front 
and sides of the shell rounded, the latter usually constricted just below 
the hinge line, forming ear-like extensions at the cardinal extremities. 
Width of the cardinal area not determined. Ventral side convex on the 
umbone and central region of the valve, but strongly recurved beyond 
the middle, forming a deeply concave shell in the more advanced stages 
of growth. Dorsal valve flat, or slightly concave, on the umbone, and 
strongly geniculate in front, conforming in curvature to that of the oppo- 
site valve. Surface marked by fine, closely arranged, bifurcating or im- 
planted radiating strise, which become somewhat coarser with the in- 
creased size of the shell; also by very fine, concentric, undulating strise, 
often very distinct between the radiating lines, forming a beautifully 
cancellated surface when well preserved, and by several more distinct 
concentric lines, indicating stages of growth. 

The species belongs to a group of Strophomenoid shells which are 
characterized by having the ventral valve convex in the young shells, 
while in the more advanced stages, or adult individuals, it becomes 
doubly flexed, and often deeply concave. The shells have much the 
form and character of those Silurian species referred to the genus Strep- 
torhynchus, but differ from them very strongly in this particular of having 
a double curvature to the shell; and this feature will serve to distinguish 
this species readily from Streptorhynchus subplana, with which it is asso- 
ciated. The shells under consideration appear to be identical with those 
from New York, above cited, differing only in the somewhat finer radiat- 
ing strife of the surface. This difference, however, may be more ap- 
parent than real, as the New York examples are thoroughly silicified 
and the surface features somewhat obscured by this change. 

Formation and locality : In the limestones of the Clinton group, at Dayton, Ohio. 
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G-enus BHYNCHONELLA, Fischer. 
Rhynchonella scobina. 

RhynehoneUa neglecta, var. scobina, Meek; Am. Jour. Sci. and Arts, Vol. IV., p. 277, 

3d series, 1872. 
RhynehoneUa neglecta, Meek ; Pal. Ohio, Vol. I., p. 179, pi. 15, fig. 3. 

In the American Journal, loc. tit, Mr. Meek describes a species of 
RhynehoneUa from the Clinton group, at Dayton, Ohio, under the name 
R. neglecta, var. scobina, hut in the Palaeontology of Ohio, as cited above, 
he drops the varietal name and fully identifies his shell with R. neglecta, 
Hall, from the Niagara formation of New York, principally on the evi- 
dence furnished by a minute surface character beautifully seen on the 
Ohio shell, stating that he had detected a similar texture on New York 
specimens of R. neglecta, loaned by Prof. Hartt, of Cornell University. 
We have examined, and in vain, many examples of well preserved R. neg- 
lecta from New York, and among them the original specimens used in 
description, to find any thing approaching the surface features of the 
Ohio species, and feel inclined to believe that the examples from New 
York on which the structure referred to was detected were young speci- 
mens of R. cuneata, a species very much more closely related to the shell 
under consideration than R. neglecta, and one on which this same struc- 
ture is very strongly marked. But the shell differs, however, in the 
larger and adult individuals, in the peculiar character of the beak and 
area beneath it, from the Ohio specimens ; still the short, broad forms of 
R. cuneata may very readily be mistaken when compared with the others, 
and the young would be difficult to separate. We, therefore, propose to 
restore the Ohio shell to its proper standing as a species, under the name 
R. scobina. 

LAMELLIBRANCHIATA. 

Genus CYPEICAKDITES, Conrad. 
Cypricaedites fekruginetjm (n. sp.). 

Plate 5, fig. 11. 
Shell somewhat above the medium size, obliquely broadly ovate in out- 
line, with very ventricose valves, and rather small, appressed beaks, 
which project but little above the cardinal line. Hinge line short, less 
than half the entire length of the shell ; rounded at the posterior end, 
and gradually passing into the posterior border, which is somewhat 
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oblique to the body of the shell ; anterior end proportionally long and 
full, faintly separated from the body of the shell by a very slightly 
marked sulcus, which crosses the anterior portion of the valves ; body of 
the shell very full, almost inflated in the central part; the umbonal 
region the most prominent, slightly angular for a short distance below 
the apex, caused by an oblique flattening of the anterior side of the beak; 
posterior slope concave between the postero- cardinal angle and the body 
of the shell. Cardinal area and hinge characters unknown. 

Surface of the valves marked by very strong varices, or concentric un- 
dulations of the surface, indicating stages of growth. 

The species is most nearly related to C. Saffordi (—Paliearca Saffordi, 
Hall, 12th Rept. State Cab., p. 11 ; see, also, Pal. N. Y., Vol. III., p. 524; 
=Cyrtodon Saffordi, Safford, Geol. Tennessee, p. 287, pi. F, fig. 2), but 
differs in being more extended on the anterior end, in the greater 
obliquity of the body of the shell, in the flattening or compression of the 
anterior side of the beak, in the greater prominence of the umbonal 
region, in the depression of the posterocardinal slope, and in the faintly 
marked sulcus crossing the anterior portion of the valves. 

Formation aad locality : In ihe iron ore beds of the Clinton group, at Wilmington, 
Clinton county, Ohio. Ohio State collection. Collected by Prof. Edward Orton. 



GASTEROPODA. 

Genus PLEUKOTOMAEIA, DeFrance. 
Pletjrotomabia inexpfctans (n. sp.). 

Plate 5, fig. 12. 

Shell of medium size, very broadly conical above the middle of the 
last volution, and abruptly rounded below. Spire moderately elevated) 
the line of the opposite sides inclosing an angle of about eighty-five de- 
grees, or a little less than a right angle. Volutions rather rapidly in- 
creasing in size, thickened, and slightly elevated at the upper margin, 
forming a raised band just below the suture line, thence regularly sloping 
to the periphery, which is obtusely angular. Lower side of the volution 
very ventricose, and regularly rounded to the umbilical region, which is 
filled by a small callus that appears to spread over and cover the colu- 
mellar lip. Aperture forming more than one-third of the entire height of 
the shell, regularly rounded, except above the center of the outer border, 
where it is slightly flattened, corresponding to the upper sloping surface 
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of the volution, and sub-angular at the junction of the upper and lower 
surfaces of the outer lip. 

Surface of the shell marked on the upper part of the volutions by a 
series of raised, revolving lines of varying strength, and crossed by 
equally strong, concentric lines, which are directed obliquely backwards 
from the suture to the periphery, where they are more abruptly bent 
back to the center of the carina, below which they are as abruptly 
directed forward, indicating a moderately deep but narrow notch in this 
part of the lip of the aperture. On the lower side of the volution the 
concentric striae can be traced for a short distance, below which the shell 
is imperfect in both individuals examined. No evidence of revolving 
lines below the central band has been seen, and the probability is that 
none have existed on this portion of the shell. 

The species is very closely related to P. Hebe, Hall, 15th Rept. State 
Cab., pi. 5, fig. 8, and also to P. sulcomarginata, Conr., figured on the same 
plate, and is, so far as we are aware, the only species of this type of the 
genus recognized in this country from a formation below the Upper Iield- 
erberg group. It differs from both of the above named species in the 
greater elevation of the spire. 

Formation and locality: In the iron ores of the Clinton group, Clinton county, Ohio. 
Collection of U. P. James, Esq. 



CEPHALOPODA. 

Ojrthoceras Jamesi (n. sp.). 

Plate 5, fig. 13. 

Shell small, and very moderately expanding with increased growth, 
the fragment used in description being only about five-eighths of an inch 
in length, with a diameter of five-sixteenths of an inch at the upper 
end, and a little less than a quarter of an inch at the lower'extremity of 
the fragment, giving about a twelfth of an inch increase in diameter in 
the length of the specimen. Transverse section circular, not compressed. 
Septa very moderately and evenly concave, apparently regularly dis- 
posed, about three and half of the chambers occupying a space equal to 
the diameter of the shell at the top of those measured. Siphuncle not 
clearly determined. 

Surface of the shell rather coarsely, but deeply and beautifully, cancel- 
lated by sharp longitudinal and transverse ridges, the former nearly reg- 
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ularly disposed, varying but little in their distance from each other, and 
counting about eighteen in one-half of the circumference of the shell, the 
spaces between the ridges deeply concave, and sometimes showing evi- 
dence of finer intermediate striae. The transverse ridges are as strongly 
elevated as the longitudinal ones, but less angular on the crest, more dis- 
tantly and irregularly disposed, the intervening spaces being sometimes 
two or three times as great as the narrowest spaces observed on the frag- 
ment, the spaces between them finely striated, the striae undulating be- 
tween the longitudinal ridges. 

The species appears to be of the same type with 0. columnare, Hall, 
but differs from any species of that group yet described, in the strong, 
irregularly arranged, transverse ridges, and the greater number of longi- 
tudinal ridges. The species of that group known have the fine trans- 
verse strise crossing the longitudinal flutings, but we believe there are 
none known having the transverse ridges. 

Formation and locality : In the iron ore beds of the Clinton group, Clinton county, 
Ohio. Collection of U. P. James, Esq. 



CRUSTACEA. 

Genus ILL JEN US, Dalman. 
Ill^enus Daytonensis (n. sp.). 

Plate 5, fig. 14-16. 

Among the fossils obtained from th; 1 quarries at the Soldiers' Home, 
near Dayton, detached specimens of the glabellas and pygidia of a species 
of Illasnus are not uncommon. The glabella is wider than long, and 
quite regularly rounded in front, between the junction of the suture lines 
with the anterior margin of the head, the surface being highly convex, 
with a slight tendency to gibbosity in the middle, when viewed side- 
ways. The dorsal furrows on the cast are broad and strongly marked, 
extending about one-third of the length of the head from the posterior 
margin, and terminating amteriorly in a rather large oval depression, 
the space between them more abruptly convex than in front. Posterior 
margin between the furrows more strongly rounded than the front of the 
head, the whole occipital border being deeply trilobed, from the depressions 
of the dorsal furrows in the margin. Fixed cheeks a little more than 
half as wide as the space between the dorsal furrows, strongly convex 
opposite and posterior to the eyes, not distinguishable from the other por- 
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tion of the glabella forward of the dorsal furrows. Palpebral lobe small, 
pointed, and sharply elevated above the general surface of the head, situ- 
ated very near the posterior margin. Suture line gently and regularly 
curving inward for a short distance in front of the eye, and then as 
gently outward again, giving to the glabella a little greater width an- 
teriorly than immediately in front of the eye, the junction with the an- 
terior margin making no perceptible angle. The direction of the suture 
line posterior to the eye, and the form of the postero-lateral limb of the 
glabella, have not been determined. 

The pygidium associated with this form of glabella, and supposed to 
belong to the same species, is somewhat longer than semicircular in 
form, the length being a little more than two-thirds as great as the ex- 
treme width. General surface depressed convex, with rather strong de- 
pressions defining the axial portion on the anterior fourth of the length, 
but gradually fading away before reaching the middle of the plate. An- 
terior margin nearly straight, the axial portion slightly protruding 
beyond the line of the lateral lobes, which are straight for a little more 
than half their width, beyond which they are strongly and obliquely 
truncate. No portion of the thorax has been observed. 

The specimens resemble i". Taurus, Hall, in many of their characters, 
as the small, pointed, and projecting eyes, placed so far back on the head, 
and in the trilobation of the caudal plate in its anterior part, but the 
glabella is very much longer in proportion to the width, as is also the 
pygidium, and the antero-lateral truncations of the latter are not more 
than half as large as in that species. The facial sutures of the head also 
differ very materially. In that species it is directed from the front of the 
eye, with a very moderate curvature, inward, meeting the anterior border of 
the head at a point which gives a width on the margin of but little more 
than half that immediately in front of the eye, -while in this species the 
breadth near the anterior margin is greater than immediately in front 
of the eye prominence. The pygidium resembles, slightly, small speci- 
mens of that of I. imperator, Hall, but is much longer in proportion to 
its width. 

Formation and locality : In the limestones of the Clinton group, near Dayton, Ohio. 
Specimens having the same features have been collected from the Niagara group of 
Wisconsin and Illinois. 
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The organic remains of the Niagara group of Ohio have a much 
greater resemblance to those of the same formation in Illinois, Wiscon- 
sin, and Iowa, than to those of the more eastern extension of the forma- 
tion in New York. The greater similarity of condition and composition 
between the Ohio beds and those of the western localities would at once 
lead one to suppose this would be the case; the formation in the two re- 
gions corresponding in lithological characters, while they are quite dis- 
similar to the more fossiliferous shaly beds of New York. So far as yet 
known, the fossil remains appear to be much less numerous in Ohio than 
westward, but the localities have, as yet, been but imperfectly examined, 
and in all probability the number of species will be found to be much 
greater when the examinations shall have been as complete as they have 
been in many of the more western localities. One of the noticeable fea- 
tures presented, in looking over a collection of the fossils of the Ohio rocks 
of this group, is the scarcity of Brachiopodous shells, as compared with 
collections from New York; and more especially the sparse occurrence 
of the genus Spirifera, which in both the New York and western localities 
is represented by several species. Another peculiar feature is the small 
number of Crinoidal remains, and especially those of the peculiar group 
of Cystideans, which is so abundantly represented in the Wisconsin re- 
gion. Of this latter group there have been but few species recognized, 
one of which, Gomphocystites glans, has been recognized in several indi- 
viduals ; and another, resembling Holocystites Winchelli, in two or more 
specimens, and a few individuals of H. alternata. Besides these, there 
is known a single impression of a Cystidean, apparently belonging to 
the genus Gallocyslites, and closely resembling if not identical Avith C. 
Jewetti. Heretofore this genus has been recognized only in New York. 

The class Cephalopoda is represented by several new forms, and by some 
of those which have been described from other localities. The species 
are much more numerous than in New York, and, judging from the num- 
ber already collected, will, when the localities are more completely ex- 
amined, and the collections as carefully made, compare very favorably 
with those from any of the western localities. The small number of 
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Trilobitic remains is another marked feature. But very few species, 
and not many individuals of a kind, have yet been observed. In some 
localities, however, the Caleymene Niagarensis appears to be not uncom- 
mon, but, as yet, it appears to be the only abundant species. 



GRAPTOLITIDJE. 

Genus INOCA.ULIS, Hall. 

(Pal. N. Y., Vol. II., 1852.) 
InOCAULIS BELLA (n. Sp.). 

Plate 6, fig. 2. 

Frond small, diffusely branched, originating in a single stipe at the 
base and spreading above; branches narrow, and varying much in width, 
the strongest not exceeding three hundredths of an inch, with frequent 
projecting, prong-like processes rising from the sides ; bifurcations nu- 
merous and at varying distances. Substance of the frond thin, carbon- 
aceous ; the surface marked with longitudinal corrugations, irregularly 
disposed on most parts and on some of the larger branches, terminating 
at the upper end in a pustule or free point, projecting outward and up- 
ward from the surface. 

The only specimen of the species examined is a beautiful, small frond, 
measuring about two inches across transversely, with a height less 
than the width. The mode of growth and style of branching is similar 
to that of I. plumosa, of the Niagara group of New York ; but the surface 
does not present quite the regularity of leaf-like projections seen on that 
species, the corrugations showing more like the surface markings seen 
on some species of Dictyonema, although the mode of growth and the 
entire absence of connecting filaments between the branches at once 
distinguish it from species of that genus. 

Formation and locality: The specimen occurs on the shaly surface of a fragment 
from a band of blue limestone in the Niagara group, at Yellow Springs, Ohio, and 
is from the collection of Prof. Edward Orton. 
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FORAMINIFERA. 

Genus KECEPTACULITES, DeFrance. 
Receptaculites Ohioensis (n. sp.). 

Plate 6, fig. 1. 

Body usually hemispherical in form, or approaching dome shaped, 
occasionally globular ; those of the latter form being small, and probably 
young. Cells of medium size, varying in different parts of the body ; 
arranged in concentrically curved, radiating lines; extending from the 
center of the dome to the point of greatest diameter, below which they 
form vertical and horizontal lines; the cells being smaller and more 
crowded, forming transversely elongated quadrangles encircling the body. 

The appearance of vertical and horizontal rows of cells on the smaller 
individuals, and on the lower part of the larger ones, is probably decep- 
tive, and owing in part to the greater obliquity of the ranges, to the 
peculiar structure of the cell apertures, and in part to the presence of 
crystalline matter adhering to the surface of most of the individuals 
examined. 

The species is readily distinguished from any of those previously de- 
scribed, by its small size and hemispherical form in all but the very 
young stages, except from R. hemisphericus, Hall (Geol. Rept. Wis., 1861, 
p. 16), from which it differs very materially in the much smaller size of 
the cells ; neither does it ever attain to the same dimensions as that spe- 
cies ; 'the largest individuals yet noticed not exceeding one and a quarter 
inches in diameter, while those frequently measure over two inches. 
The small globular forms, which we suppose to be the young, resembles 
R. globularis, Hall, loc. tit., from the Galena limestone, but the cells in 
that species are nearly double the size in specimens of the same dimen- 
sions. 

Formation and totality : In limestones of the Niagara group, at Yellow Springs, Ohio. 
Collections of Prof. Edward Orton and Columbia College. 
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ECH1N0DERMATA. 

CE1NOIBEA. 

Genus PLATYCRINCS, Muller. 

Platyckinus pilematuktts (n. sp.). 

Plate 6, fig. 3-6. 

Body of medium size, depressed oblate, and in a basal view strongly 
pentalobate, from the thickened tumid character of the first radial plates, 
which form the largest or widest part of the body, and above the middle 
of which the cup is strongly and rapidly contracted to the arm bases. 
Basal plates large, but forming only a small proportion of the height of 
the cup, their centers tumid, and projecting below the top of the column 
in the form of three strong, rounded nodes, the sutures between being 
strongly marked, but not abrupt. First radial plates large, much wider 
than long, and equal in height to about one-half of that of the cup; 
their upper lateral angles truncated by the interradial plates, and the 
centers excavated for the reception of the second radials, between which 
and the interradial plate the lower end of the supraradial plate on each 
side reaches to and rests upon the first radial. Second radial very small, 
rounded, triangular, pointed above, and higher than wide; occupying 
the center of the upper margin of the first radials, and not more than 
one-quarter of the width ; supporting on each of the two upper sloping 
faces one side of the first supraradials, which meet above the point, the 
lower end resting on the first radial, and the outer side against or on the 
interradial plate. On the upper faces of the first supraradials rests a 
second pair, which are excavated on their upper sides for the plates of 
the arms. Interradial plates proportionally large, the general appear- 
ance being that of a triangle, higher than wide, but in reality they are 
hexagonal, resting on the two adjacent first radials and between the first 
supraradials of the adjoining rays, and supporting two smaller plates on 
the upper faces and between the second supraradials of the two adjacent 
rays. 

Surface of the basal plates tuberculose; the tubercles having their 
longest diameter in the direction of the greatest length of the plate. 
Surface of the first radials much thickened and tumid, the tumidity ex- 
tending to the margins of the plates and occupying the entire surface. 
Above the first radials the plates are strongly convex, but do not ap- 
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proach tumidity, the convexity extending over the entire surface with- 
out channeling or champering of the edges. The general surface of the 
body is smooth, or very finely granulose. 

The above characters of the external surface and form of plates are 
taken from gutta-percha impressions made in the natural molds left in 
the rock by the removal of the substance of the crinoid by solution, and 
differ very materially from the casts of the interior of the body, as 
usually found. These casts occur not uncommon in the form of flattened 
or depressed spheres, or oblate bodies, preserving only the markings of 
the suture lines, without showing any of the external features other 
than the arrangement of the plates, while these even are mostly obscure, 
and can only be traced with difficulty. But where the matrix can be ob- 
tained, and impressions made in them, the true features of the species 
are obtained. At present we know nothing of the arms of the species or 
the form of the column. 

Formation and locality: In the limestones of the Niagara group, near Greenville, 
Darke county, and at Cedarville, Greene county, Ohio. Collected by Rev. H. 
Hertzer. 

Genus SA.COOGRIAUS, Hall. 

(Pal. N. Y., Vol. IV., p. 205, 1852.) 

Saccocrinus Tennesseensis. 

Plate 6, fig. 10. 

Saccocrinus Tennesseerms, Troost, MS., p. 29. 

Body elongate obconical, gradually enlarging from the base to the 
origin of the free arms, or sometimes slightly inflated above the middle, 
or near the arm bases. Dome flattened, constricted between the arm 
bases, and surmounted by a small central or sub-central proboscis. 
Plates of the body elongate, those of the radial series being much longer 
than wide ; the second radials hexagonal, the third heptagonal in 
most, if not all, cases. Supraradials smaller than the upper radials, two 
in each series, arranged one above the other, the uppermost being a 
bifurcating plate, and supporting on each sloping face a smaller plate, 
from which rises the free arms, thus giving four arms to each ray at their 
origin, or twenty to the entire body. Iriterradial series consisting of a 
single first plate, which is intermediate in size between the first and sec- 
ond radials, and hexagonal in form, supporting two plates in the second 
and subsequent ranges, to the number of five ranges, the plates in each 
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range gradually decreasing in size upwards. Anal area larger than the 
interradials ; the first plate large, usually supporting three in the second 
range, above which they are not so regularly disposed, and gradually de- 
crease in size. The constriction between the arm bases on the anal side 
is much larger and deeper than those of the interradial areas. 

The dome appears to have been composed of a large number of small 
polygonal plates, without any definite arrangement or order. The arm 
bases are small, indicating slender arms, their structure and form un- 
known. As the specimens consist only of internal casts of the body, the 
surface features of the plates have not been observed, as no parts of the 
matrix has been preserved in collecting. 

The general form of the body and plates corresponds exactly with the 
form in Dr. Troost's collection, and with the figures and MS. description 
of his Actinocriniw Tennmeensis. The form described as A. (Sac.) Christyi, 
Hall, is more spreading towards the top of the cup, but the dome of that 
species is seldom preserved ; the other features correspond more nearly 
in the two forms. 

Formation and locality : In the limestones of the Niagara group, at Yellow Springs, 
Ohio. Collection of Prof. Edward Orton. 



Saccockinus ornatus (n. sp.). 

Plate 6, fig. 7-9. 

Body of medium size, obovate, or elongate urn shaped below the arm 
bases; obscurely pentangular in the upper part of the cup, from the flat- 
tening of the interradial areas ; the body surmounted by a long, very 
slender proboscis. Basal plates of moderate size, forming about as much 
of the height of the cup as the width of one of the plates. Plates of the 
radial series elongate, the first ones much larger than any others in the 
body; second and third about of equal size, but differing slightly in 
different rays ; the third "plate is obtusely cuneate above, and supports 
two sub-radials on each side, one above the other, the first being about 
two-thirds as large as the third radial, the other about half as large 
as the first, and supports the free arms, one on each division of the ray, 
giving ten arms only to the body at the margin of the cup. Between 
the second supraradials there is a single small intersupraradial to each 
division. The interradial series consists of a single first interradial 
plate, which is about equal in r-ire to the second radials, hexagonal in 
form, and supporting two plates in t..o second, third, and fourth ranges, 
with sometimes one, two, or three very small ones in the fifth, high up 
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between the arm bases. The anal area is much larger than the inter- 
radial areas, and consists of a first plate, nearly equaling in size that of 
the first radials, and supports three in the second and five in the third 
range, above which point they are not so regularly disposed, but the cen- 
tral plates of the area form a direct line with the first anal plate, and 
along the middle of the proboscis, for some distance above its base. The 
proboscis is very long and slender, composed of elongate polygonal plates, 
of which there are four or five in a series near the base, but often not 
more than three in the upper part. The proboscis preserved in the 
specimen described is nearly an inch and three-eighths long, and still 
imperfect at the upper extremity, where it is less than an eighth of an 
inch in diameter. 

The general surface of the plates of the body is highly convex, with 
deeply channeled sutures, the smaller ones, near the upper portion of the 
cup, and on the dome, being very convex. The surface of each plate is 
also ornamented by a system of radiating lines, those meeting at the 
center of the plate extending to the angles. On some of the plates there 
is an appearance of intermediate lines, the number of which can not be 
determined. 

The species is described from an internal cast and a gutta-percha im- 
pression of the exterior obtained from the matrix of the same individual, 
which gives the form and surface of the plates. The arm bases, includ- 
ing the intersupraradial areas, are elevated, and project beyond the gen- 
eral level of the body, giving a somewhat pentalobate feature to this part 
of the body. The impression of a fragment of the column is preserved, 
and shows that this appendage was of medium size, and composed of 
alternating larger and smaller plates. 

The species most nearly resembles 5. apeciosa, Hall, from the Niagara 
shales of New York, but differs very materially in the external features 
of the plates composing the body. In that species the plates of the body 
are flat, or'have only the general convexity of the cup, and marked with 
indistinct radii, while along the radial series a low, rounded, rather in- 
distinct ridge passes to the bases of the arms, and the arm bises do not 
protrude beyond the general surface until they reach the top of the sec- 
ond supraradial plate, while in this species the protrusion commences 
with the third radial plate itself. From S. Christyi, Hall, it differs in 
having only two arms to the ray at the top of the cup, instead of four, 
as in that one. It also differs in this respect from S. Tennesseensis, Troost. 

Formation and locality: In limestones of the Niagara group, at Yellow Springs, 
Ohio. Ohio State Cabinet. Collected by Prof. Edward Orton. 
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Genus EUCALYPTOCRINUS, Goldf. 
Eucalyptocrinus splendidtts, Troost. 

Plate 6, fig. 12. 

Eucalyptocrinus splendidus, Troost ; Proc. Am. Assoc. Adv. Sci., 1848, p. 60. 

Calyx low and spreading, cyathiform, or nearly hemispherical, about 
twice as wide as high, measuring to the base of the arms; sides some- 
what regularly rounded ; base slightly impressed for the. reception of the 
column. Above the calyx the edges or backs of the interbrachial plates 
are nearly vertical, giving a breadth just below the top of these plates 
but little less than that at the summit of the calyx. Oral (?) aperture, at 
the center of the summit of the interbrachial plates, broad funnel-form, 
communicating with the cavity of the body by means of a long, rather 
large, canal. Basal plates of the calyx very small, concealed within the 
cavity of the column ; first radial plates forming the base of the cup and 
reaching but a short distance up the sides; second radials quadrangular, 
a very little wider than high ; third radials pentangular, with the apex 
truncated by the smaller interbrachial plates, and supporting on the lat- 
eral faces the smaller pentangular supraradials, which in turn support 
the plates on which the free arms rest, two to each division, or four to 
each ray. Interradial plates large, higher than wide, broadest above the 
center, supporting two elongate intersupraradials, which in turn support 
the larger interbrachial plates. Arms unknown, from Ohio specimens. 

The specimen from which the description is taken is, so far as we are 
aware, the first example of the species recognized, aside from the original 
specimen in Dr. Troost's collection. It is an internal cast, preserving 
the filling of the internal cavity of the body, the impressions of two of 
the interbrachial plates, and the filling of the central canal leading from 
the summit aperture to the interior of the body, the upper portion of the 
specimen having been split vertically through the center. It shows the 
form of the internal cavity, and the form and size of the canal leading 
from it to the summit or oral aperture, and forms on the whole a very in- 
teresting specimen. 

The species is chiefly distinguished from others of the genus by the 
vertical line of the back, or outer face, of the interbrachial plates, those 
on the opposite sides of the body being parallel with each other. 
All other species known from rocks of the same' age in this country 
are more or less contracted, or inclined inward toward the top, giving 
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a narrow summit, while in this one it is broad, and flattened for a space 
equal to two-thirds the breadth of the body below. 

Formation and locality : In limestone of the age of the Niagara group, at Springfield, 
Ohio. Collection of Prof. E. Orton. Presented hy Charles Cline, Esq. 



ElJCALYPTOCRINTJS CRASSUS. 

Plate 6, fig. 11. 
Eucalyptocrinus crasms, Hall; Trans. Alb. Inst., "Vol. IV., p. 197. 
Body narrowly obconical, the height below the bases of the arms equal 
to the greatest diameter of the cup ; sides straight, or slightly convex ; base 
truncate. Basal plates small, concealed within the cavity for the attach- 
ment of the column ; first radial plates of moderate size, forming about 
one-fourth of the height of the calyx; second radials quadrangular, 
widest below, the height a little greater than the breadth; third radials 
pentangular, truncated above by the small intersupraradial plate, and 
supporting on each sloping face a supraradial plate, which in turn 
supports the plates from which the arms rise. Interradial plates large, 
half as high again as wide, and supporting two elongate interbrachial 
plates. Arms and interbrachial plates not seen. Surface of the plates 
of the calyx, so far as can be ascertained from a fragment of the matrix, 
apparently smooth. 

The specimen being only an internal cast, the entire characters can. 
not be obtained. It has the general appearance and structure of E. eras- 
sus, as above cited, and the form of one of the narrow or elongate varie- 
ties of that species, which is very variable in the proportions of height 
and breadth of the cup, and, consequently, in the proportion of diameters 
of the plates composing it. 

Formation and locality: In the limestones of the upper part of the Niagara group- 
(Guelph beds), at Cedarville, Greene county, Ohio. Collected by Prof. E. Orton. 

BLASTOIDEA. 

Genus PENTREMITES, Say. 
Pentremites sub-cylindrica (n. sp.). 

Plate 6, fig. 13. 
Body elongate, very gradually tapering from the base of the ambu- 
lacral areas downward to the lower end of the radial plates, and more 
rapidly below that point to place for the attachment of the column ; 
9 
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above the base of the ambulacral areas the summit forms a short five- 
sided pyramid, with slightly concave spaces between the ambulacral 
areas. Radial plates long and narrow, three and a half times as high as 
wide ; length of basal plates unknown ; height of the summit pyramid a 
little more than half as great as the greatest diameter of the body ; while 
the diameter of the body is about equal to three-fifths of the length of 
the radial plates, measuring at the base of the ambulacral areas. Am- 
bulacral areas narrow, gradually increasing in width from the lower part 
upwards ; number of plates filling the areas not determined. 

The description is taken from an internal cast, imperfect at the lower 
extremity, and, consequently, a full description can not be given. The 
form of the crinoid corresponds very nearly with that of P. Reinwardti, 
Troost, and it is principally the interest connected with the occurrence 
of another species so nearly allied to that one, in a similar geological 
position, that has offered the temptation to describe it from such meager 
material. The general form of the body has been much straighter above 
the basal plates, when compared with that one in the condition of casts, 
and the top of the summit pyramid considerably broader. 

Formation and locality: In limestones of the Niagara group, at Yellow Springs, Ohio. 
Collection of Prof. E. Orton. 

BRACHIOPODA. 

Genus DINOBOLTJS, Hall. 

'(Notes on some new or imperfectly known forms among the Brachiopoda, etc., p. 4, 
1871; also 23d Rept. State Cab., p. 247. ) 

DlNOBOLUS CONRADI. 

Plate 7, figs. 3, 4. 

■Obolm Conradi, Hall ; 20th Bept. State Cab., p. 368, pi. 13, figs. 1, 2, 3, 1868, and 2d Ed., 

1870, p. 375. 
Dinobolw Conradi, Hall ; 23d Rept. State Cab., p. 247. 

A single individual of this species has been detected among specimens 
ifrom the Niagara group, at Crawford, Wyandot county, Ohio, preserving 
the usual features of the species, so far as can be determined from the 
dmperfect condition of the specimen. The individual consists of an in- 
ternal cast of both valves of a full-grown shell, but displaced and quite 
imperfect. The form is transversely broad oval, very symmetrical in 
outline, and gently convex on both sides ; giving a lenticular profile to 
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the united valves. The specimen referred to measures about an inch 
and a half in transverse diameter, by about one inch and three-eighths 
from beak to base on the dojsal side. The projection of the beak on the 
ventral side would make the length and breadth about equal. As the 
specimen will be mostly in the condition of casts of the interior, they 
will show the features of the interior of the shell ; or, in other words, 
the impression of the interior surface. In the middle of each valve, 
and extending from near the beak to the center, or beyond the center of 
the shell, there is an elongate triangular depression, with two obtusely 
pointed, triangular processes rising from the lower part of the depres- 
sion, one on each side, and having their extremities directed toward the 
beak. These processes are closely appressed to the surface of the cast 
when preserved (but are frequently broken), and are very thin. The 
surface outside of the depression is regularly convex, except near the 
rostral portion, where it slopes abruptly to the level of the hinge plate, 
and shows on the ventral side the rounded or convex triangular space 
left by the depression of the triangular, foramen-like area beneath the 
beak. The triangular depressions in the middle of the valve is formed 
by the removal of the internal transverse muscular plates, or transverse 
septum, which has been supported along the middle by a vertical parti- 
tion, with cavities on each side beneath the plate, the two triangular 
processes having filled these cavities. The form and proportion of this 
plate has varied considerably among different individuals of the species, 
as is seen by the depressions left in several specimens examined from 
the typical localities. The discovery of this species, and a species of the 
genus Monomerella (M. Newberryi), at the same locality, is a matter of 
considerable interest, when taken into consideration with the occurrence 
of such numbers of Trimerella at other localities of the formation in- 
other parts of the State, giving reason to expect the development of all 
these forms in some one locality if properly sought for. 

Genus MONOMERELLA, Bill. 
Monomerella Newberryi (n. sp.). 

Plate 7, figs. 1, 2. 

Shell elongate orbicular, approaching oval in outline, with depressed 
convex valves, giving a lenticular profile. Dorsal valve a very little 
more ventricose than the opposite, and fullest on the umbonal region. 
The muscular plate in the interior of the dorsal valve, judging from the 
form of the internal cast, has been very large and broad, apparently 
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reaching to near the front of the valve, and extending fully two-thirds 
the width of the internal cast in its broadest part. The projections 
which have filled the cavities beneath the plate, if existing, are not ob- 
servable, indicating a closely appressed plate, or one not at all elevated 
or separated from the body of the shell. The ventral valve is character- 
ized in the cast by the great length of the processes which have filled the 
cavities beneath the plate, showing that the beak has been extended far 
beyond that of the dorsal valve, and that these cavities have passed to 
a considerable distance beyond the hinge plate. The plate has been 
very short and thickened, as indicated by the elevation of the processes 
above the line of the hinge when viewed in profile. The processes are 
thin and compressed toward their apices, but near their junction with 
the other portion of the cast are thick and expanded. 

The dorsal valve of this species resembles very much a valve of Dinobu- 
lus, with the short triangular processes beneath the plate broken away, 
and if found separate from the opposite valve would undoubtedly have 
been considered as belonging to a specimen of that genus, having a very 
deep umbonal cavity. The ventral valve differs from the corresponding 
valve of that genus only in the greater size and cardinal position of the 
processes filling the cavities beneath the plate. It differs from Dinobolus 
Conradi, Hall, externally, in being elongate oval instead of transversely 
oval. Not having seen the description of the species of Monomerella de- 
scribed by Mr. Billings, or figures of the same, we are unable to say in 
what particulars it may correspond to or differ from that one. The 
structure of the valves and processes in this species would seem to tend 
toward the union of some of these forms that have been considered as 
distinct genera. 

Formation and locality: In the limestones of the Niagara group, at Genoa, Ohio. 
Collection of Columbia College, New York. 

Genus MERISTINA, Hall. 

(20th Kept. State Cab. N. Y., p. 157, 1867; Pal. N. Y., Vol. IV., p. 299, 1867.) 

Meristina MARIA, Hall. 

Plate 7, figs. 5, 6. 

Meristella maria, Hall ; Trans. Albany Inst., Vol. IV., p. 212, 1862. 
Meristella maria, Hall; Abstr. Trans. Albany Inst., p. 18. 
Meristina maria, Hall; 20th Rept. State Cab., p. 157, 1867. 
Meristina maria, Hall ; Pal. N. Y., Vol. IV., p. 299, 1867. 

The specimens of the species observed from Ohio are in the condition 
of internal casts, and present the features of the interior of the shell 
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only. The features of the muscular imprints and the cavities left hy 
the removal of the septa and other processes are well marked. The form 
is triangularly ovate, or sub-quadrangular. Valves convex, nearly 
equally so; the front of the ventral being bent upwards, forming the 
sinus of this valve, and causing a slight elevation or fold on the dorsal, 
which extends about half the distance to the beak. Cardinal margins 
of the ventral valve angular, corresponding to the angulation of this 
part of the shell, while the surface of the valve across the umbo is 
nearly flat from side to side, except for the projection of the muscular 
impression. The beak is short and not recurved, consisting only of the 
filling of the rostral cavity. Dorsal valve most convex on the umbo and 
along the middle of the valve, and in old specimens rapidly sloping to 
the lateral margins, the beak showing a strong slit corresponding to the 
median septum. 

Formation and locality : In limestones of the Niagara group, Springfield, Ohio. Col- 
lection of Prof. E. Orton. 



Genus ATRYPA, Dalman. 
Atrypa nodostriata. 

Plate 7, figs. 12-14. 
Atrypa nodostriata, Hall; Pal. N. Y., Vol. II., p. 272, pi. 54, fig. 2, 1852. 

Shell small; transversely very broad oval in outline; bi-convex in 
profile, somewhat unequally so, with a low rounded elevation on one 
valve and a corresponding depression on the other. Ventral valve less 
convex than the opposite ; beak small and projecting ; center of the shell 
marked by a rather wide, very distinct mesial depression, extending 
from near the beak to the front of the valve, which is abruptly bent up- 
wards, forming a broad, rounded, linguiform extension, fitting into the 
elevated portion of the other valve ; sides of the mesial depression sub- 
angular; outside of which the surface of the valve is somewhat de- 
pressed or concave to the sides and cardinal margins. Dorsal valve 
rather regularly convex, the middle portion elevated, forming the fold, 
which is not conspicuous beyond the center of the valve, but is some- 
what distinctly marked and rapidly narrowed. 

Surface marked with bifurcating, rugose, radiating striae, which often 
form fasciculse at or about the middle of the shell. The stria are strong 
and apparently rounded, most distinct on the dorsal valve, and some- 
what strongly marked toward the front of both valves. 
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The specimens of this species which have been observed are in the 
condition of casts of the interior, and, of course, the surface features are 
more or less obscured; but on specimens at all well preserved the fascic- 
ulate character of the striae is readily recognized, and the mesial fold and 
sinus very distinct, the margins of the fold being often quite angular. 
These features, and especially the coarse fasciculate striae, will serve to 
distinguish the species from any other shell found associated with it. 

Formation and locality : In the limestones of the Niagara group, at Yellow Springs, 
Ohio, and also in the Clinton group, at Dayton, Ohio. Collected by Prof. E. Orton. 



Genus RHYNCHONELLA, Fischer. 
Rhynchonella neglecta. * 

Plate 7, fig. 15. 

Atrypa neglecta, Hall; Pal. N. Y, Vol. II., p. 274, pi. 57, fig. 1, 1852. 
Rhynchonella neglecta, Hall; 12th Kept. State Cab., p. 78, 1859. 
Rhynchonella neglecta; Meek; Pal. Ohio, Vol. I., p. 179, pi. 15, fig. 3. 

Cavities left by the removal of the shells of this species by solution, 
and showing the impression of the ex'erior surface and characters, are 
common in some specimens of limestone examined from the Niagara for- 
mation at Cedarville, Greene county, Ohio. Casts made with gutta- 
percha in these cavities furnish the following features, which agree pre- 
cisely with specimens from the Niagara shales of New York : 

Shell small, seldom measuring three-eighths of an inch in their greatest 
diameter ; form sub-triangular, or triangularly ovr.te ; broadest in front, 
with a small, sharp, slightly incurved beak ; distance across the valves 
from side to side much greater than the dorso-ventral diameter; front of 
valves rounded. Dorsal valve a little the most convex, somewhat regu- 
larly arcuate from beak to front ; sides more strongly rounded ; ventral 
valve having the sides somewhat angular from the abrupt depression of 
the mesial sinus. 

Surface marked by about twelve sharp, angular plications, of which 
there are three in the sinus and usually four on the mesial elevation. 
Surface markings on the plications not preserved, owing to' the unfavor- 
able condition of preservation. 

Formation and locality: In the Niagara group, at Cedarville, Greene county, Ohio. 
State collection. Collected by Prof. E. Orton. 

* See observations on this species under R. scobina. 
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Rhynchonella pisa (n. sp.). 

Plate 7, figs. 18-22. 

Shell small, globular in full-grown specimens, but varying from de- 
pressed lenticular to highly gibbous at different stages of growth. Gen- 
eral outline of the shell broadly ovate, widest near the front or below 
the middle of the length. Ventral valve less gibbous than the dorsal ; 
beak small, pointed, and slightly curved, usually projecting but mod- 
erately beyond that of the opposite valve, though sometimes rather ex- 
tended ; body and sides of the valve regularly rounded, becoming broadly, 
but not deeply, sinuate in front, where it is prolonged and bent upward 
in the middle. Dorsal valve regularly convex, the center of the valve 
the most prominent, becoming slightly elevated in front, forming a not 
very prominent mesial elevation. 

Surface marked by from twelve to sixteen rounded plications, which 
are distinctly marked on the sides and in front, but become obsolete soon 
after reaching the middle of the valve on the dorsal side, but are con- 
tinued somewhat further on the ventral, and in some specimens those 
bordering the sinus extend to near the beak. On the dorsal valve there 
are usually four plications elevated to form the mesial fold, and three de- 
pressed in the ventral sinus, though in some cases there are only three 
elevated on ihe dorsal valve. . 

The species resembles R. neglecta, with which it is associated, but 
differs in the general convexity of the valves and want of angularity in 
the plications, which do not extend to the beak, as in that species. The 
more elongate forms resemble R. acinus, Hall, but have not the flattening 
of the sides and surfaces of the valves, as in that species, and have, 
moreover, a greater number of plications. The more ventricose forms 
resemble very closely small specimens of R. nucleolata, Hall, but, besides 
being more elongate, with a more projecting beak, the plications are 
never flattened on their surfaces, and are destitute of the groove along 
the middle, as in that one. 

Formation and locality : In the limestones of the Niagara group, near Danville and 
Sinking Springs, Highland county, Ohio. State Collection. Collected by Prof. Ed- 
ward Orton. 
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Rhynchonella Tennesseensis. 

Plate 7, figs. 16, 17. 

Rhynchonella Tennesseensis, Roemer; Sil. Fauna West. Tenn., p. 72, pi. 6, fig. 14. 
Rhynchonella Tennesseensis, Hall. 

Shell rather above the medium size, sub-circular or sub-triangular in 
outline in a dorsal or ventral aspect, somewhat rounded at the beaks in 
the cast, the condition in which it is mostly found in Ohio, and broadly 
truncate in front, the cardinal margins being, rounded to the widest part 
of the shell, which is near the front of the valves. Dorsal valve very 
highly convex, rapidly rising from the beak to the front of the shell, 
along the center, but as rapidly sloping on the lateral portions from the 
middle of its length to the antero-lateral angles ; center of the valve 
somewhat abruptly elevated forward of the middle, in some cases form- 
ing the mesial elevation. Ventral valve shallow on the rostral and lat- 
eral portions, very broadly and deeply sinuate in the middle, the depres- 
sion occupying much the greater part of the breadth of the valve; front 
strongly elevated, and prolonged in a broad linguiform extension, fitting 
into and conforming to the elevation of the dorsal valve. 

Surface of the shell marked by from fourteen to twenty simple, strong, 
angular plications, six to eight of which are elevated on the dorsal valve, 
forming the mesial fold, and a corresponding number depressed on the 
ventral valve to form the broad, shallow sinus. 

The specimens obtained from Ohio being in the condition of internal 
casts, the rostral portion of the specimens is shortened by the removal of 
the shell, which is much thickened in this part, and instead of the 
pointed beaks of the perfect shell, shows the reverse of the hinge char- 
acters, and the form of the muscular impressions. This latter feature is 
large on the ventral side, giving an elongate ovate elevation on the pos- 
tero-central region of the cast. On the dorsal side the impressions are 
faintly marked, and are often distinguished on this valve only by the in- 
terruption of the plications on this part of the surface ; near the center 
of the hinge are seen the impressions of the teeth and socket lamella?. 

The species is readily distinguished by the broad, sub-triangular form, 
and coarsely plicated surface, together with the broad sinus and elevation, 
especially as seen in a front view. 

Formation and locality : In the limestones of the Niagara group, at Yellow Springs, 
Ohio. Collection of Prof. Hall, and Ohio State collection. Collected by Prof. Ed- 
ward Orton. 
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Genus PENTAMERUS, Sowerby. 
Pentamerus oblongus, Sowerby. 

Plate 7, fig. 9. 

Pentamerus oblongus, Sow.; In Murch. Silurian Syst, p. 641, pi. 19, fig. 10. 

Pentamerus oblongus, Hall ; Pal. N. Y., Vol. II., p. 79, pis. 25 and 26. 

Pentamerus bisinuatus, McChesney ; New Pal. Foss., p. S5, 1859 ; also re-issue in Trans. 

Acad. Nat. Sci., Chicago, Vol. I., pi. 9, fig. 1. 
Pentamerus oblongus, Authors. 

Shell large, elongate ovate in outline, broadest below the center, often 
lobed, and not unfrequently indistinctly plicated in the forward portion. 
Valves depressed convex in the younger and medium sized specimens, 
becoming ventricose, gibbous, or even inflated, in older or larger indi- 
viduals ; the sides of the valves in the upper portion, but below the car- 
dinal margins, flattened or concave, sometimes forming a shallow groove 
extending from below the beaks of each valve and reaching nearly to the 
widest, or largest, part of the shell. This feature is not seen during the 
very young stages of growth. Front margin of the valves strongly con- 
stricted or lobed by depressions of the surface, which extend from the 
margin to a greater or less distance toward the rostral portion of the 
shell on each valve. Ventral valve much deeper than the dorsal, 
especially in the more ventricose forms, with a strong, projecting, mod- 
erately incurved beak, beneath which is a broad, triangular fissure ; lat- 
eral margins of the beak sub-angular. Dorsal valve less ventricose, 
most prominent on the upper third of the length; beak small, closely 
incurved. 

Surface of the valves smooth or distinctly plicated, and marked by 
frequent, strong, concentric lines of growth at irregular distances. 

The internal casts of this species, the condition in which they are 
usually found in Ohio, has the beak of the larger valve strongly and 
deeply divided down the center, to about one-third of the entire length, 
by the removal of the longitudinal septum, which has supported the 
broad, spoon-shaped process beneath the beak, the filling of which is 
seen occupying the space between this portion of the valves. The 
dorsal valve is also divided longitudinally by two slits, caused by the re- 
moval of the septa that has characterized this valve. These slits fre- 
quently extend nearly, or quite, to the middle of the valve, but are 
placed very near to each other, diverging very gradually as they recede 
from the beak. 
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This very variable species is so common and so well known that an ex- 
tended description is unnecessary. It has been described under several 
names, indicating varieties or phases, most of which can be found at 
almost any locality where it occurs abundantly, and where the circum- 
stances of life have been favorable to its development. The surface 
characters are extremely variable, being smooth or variously plicated 
over a portion only, or over the entire surface, the plications extending 
only to a short distance from the front margin, or nearly or quite to the 
rostral portion of the valve, sometimes finely marked, and, again, having 
low, broad, and rounded ribs. The strength of the lobing or constrictions 
of the valves may be either faint or strongly marked, and not uncom- 
monly entirely obsolete. These several changes, however, are only in- 
dividual differences, and of no specific importance. 

Formation and hcalUy: In the limestones of the Niagara group, at Yellow Springs, 
Ohio. The species has a very wide geographical range, and is known in New York, 
Ohio, Canada, Illinois, Wisconsin, and Iowa, as well as in many parts of Europe. 



Pentamerus (Pentamerella) ventricosus. 

Plate 7, figs. 7, 8. 

Penlamerus ventricosus, Hall; Geol. Kept. Prog. Wis., 1860, p. 2. 

Pentamerus (Pentamerella) ventricosus, Hall ; 20th Kept. State Cab., p. 374, pi. 13, figs. 
18-21. 

Shell small globose, wider than long ; hinge line short, and abruptly 
rounded at the sides. Ventral valve much the most convex, with 
strongly incurved beak and prominent umbo, the middle of the valve 
marked by a broad, deeply depressed sinus, extending from the beak to 
the front margin of the valve ; front of the valve prolonged, and strongly 
bent upward into a broad, linguiform extension. Dorsal valve promi- 
nent on the umbo; beak small and incurved; center of the valve toward 
the front sharply elevated, forming a narrow mesial elevation extending 
about half way to the beak ; on the sides of the fold the surface is de- 
pressed, forming a sinus on each side, and giving a strongly trilobed 
character to the front of the shell. 

Surface of the shell marked by concentric undulations of growth, vis- 
ible on the internal casts. Median septum of the ventral valve short, 
not conspicuous. 

All the examples of this species seen, from localities in Ohio, are of 
rather smaller size than those from the more western and typical locali- 
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ties, and show no evidence of radiating striae or obscure plications, as is 
sometimes the case on those just referred to. The species is readily dis- 
tinguished from others associated with it by its small, round, or globose 
form, and the trilobed front of the valves. It differs from the ordinary 
forms of Pentamerus in having the middle of the dorsal valve elevated in 
the form of a mesial fold, while in true Pentamerus it is depressed, form- 
ing a sinus on this side, with a corresponding elevation on the larger or 
ventral valve. 

Formation and locality : In limestones of the Niagara group, at Yellow Springs, Ohio. 
Collected by Prof. E. Orton. In collections of Columbia College and Prof. James 
Hall, and Ohio State Collection. 



Pentamerus pergibbosus (n. sp.) 

Plate 7, figs. 10, 11. 

Shell of medium size, extremely and extravagantly gibbous; propor- 
tionally very elongate from beak to base, and very narrow, the greatest 
width being near the front, and equal to only about two-thirds the depth 
of the two valves when united in the broader specimens, and in some 
extravagant cases not more than one-third as wide, while the depth of 
the united valves more than equals the length of the dorsal valve. 
Beaks distant, strongly incurved, that of the ventral valve the most 
prominent and narrower than the opposite. Ventral valve about twice 
as deep as the dorsal; most prominent and ventricose about one-third of 
its length from the beak ; somewhat gradually sloping from this point to 
the front margin ; triangular foramen large, higher than wide, partially 
filled by the beak of the opposite valve. Dorsal valve more regularly 
arcuate than the ventral — almost evenly so, except for the constrictions 
of the surface by strong lines of growth ; beak wide, strongly incurved 
to the foramen of the ventral valve. Surface of the internal casts (the 
condition in which the specimens occur) strongly constricted by concen- 
tric lines, marking stages of growth, but placed at irregular distances, 
and often dividing the surface into several strongly marked transverse 
lobes. 

The interior of the shell has been characterized by large longitudinal 
septa, as seen by the cavities left in the casts ; that of the ventral valve 
extending fully to or beyond the middle of its length, while those of the 
dorsal valve reach about two-thirds of the length of the valve, in all the 
specimens examined ; and in one example almost to the front margin, 
and vertically to the entire depth of the valve. 
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The surface of the shell in its original condition has been marked by 
fine radiating striae, which are still visible on the casts of some individ- 
uals near the front of the valves, although the most of them appear to 
be smooth, except for the concentric constrictions. 

This species is probably most nearly related to P. occidentalis, Hall, 
from the Onondaga salt group, Gait, Canada West ; it differs, however, 
very materially from that one in the much greater depth of the dorsal 
valve, and also in the relative thickness of the longitudinal septa — that 
one having them very thick and strong, and in the finer striations of 
the surface. From P. Littoni, Hall, another closely allied species, it dif- 
fers in being more extravagantly gibbous and narrower, and in being 
more finely striated. 

The species has been referred to P. ventricosus, Hall, but the dissimi- 
larity is so great that a comparison of the figures of the tAVO species on 
the plate will not fail to strike the most casual observer. 

Formation and locality : In the Niagara group, at Greenfield, Darke county, Ohio. 
Collected by Rev. Mr. Hertzer. 



LAMELLIBRANCHIATA. 

Genus AMPHICCELIA, Hall. 
(Extr. 20th Kept. State Cab., 1865 ; 20th Rept. State Cab., p. 339.) 

Amphicoelia (Leptodomus ?) costata (n. sp.). 

Plate 7, fig. 23. 

Shell of medium size for the genus, broadly triangular ovate, with 
prominent projecting beaks, which are strong, pointed, slightly incurved, 
and nearly terminal. Valves very ventricose and inflated in the anterior 
portion, gradually declining to the posterior margin, giving a broadly 
cuneiform cardinal profile ; hinge line straight, about half as long as the 
shell, abruptly bent nearly at right angles beneath the beaks. Anterior 
end regularly and broadly rounded from below the hinge to the basal 
margin, which is more broadly rounded toward the posterior portion 
posterior extremity obtusely pointed at the place of the greatest length 
which is about midway between the hinge line and the base of the shell 
Prom the obtuse posterior point to the extremity of the hinge the mar 
gin is abruptly sloping, with a moderate degree of curvature. In a car 
dinal view the anterior end of the united valves appears to be almost 
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squarely truncate, owing to the abruptly declining anterior portion of the 
valves below the inflated umbonal region. 

Surface of the valves marked by moderately strong radiating costse, 
about seven or eight of which occupy the space of half an inch, meas- 
ured near the middle of the basal border on the larger specimen. The 
costss appear to have been low, rounded, simple, and with exceedingly 
narrow interspaces. As far as can be determined from the specimens in 
their condition as casts, the costee have been strongest on the middle of 
the shell, becoming gradually finer toward the posterior portion of the 
valves. 

Beneath the beaks in the casts is preserved the remains of what ap- 
pears to have been the filling of a rather large, double depression in the 
hinge plate of each valve, which may have been the cavity for the re- 
ception of an internal ligament ; or it may haye been a tooth and liga- 
mental cavity in one, and tooth cavity and ligament in the other. This 
feature has been observed in several specimens of other species, but has 
always been a little obscure. If specimens were collected with a little 
care, and examined in connection with the matrix, this question could 
be readily determined. One of the individuals of this species examined 
shows evidence of an anterior and posterior muscular imprint of medium 
size; the former situated near the anterior border of the shell, about 
half way between the beaks and the basal line, the other just within 
the margin of the shell, below the extremity of the hinge line — the two 
being connected by a distinct and entire pallial line. 

Formation and locality : In limestones of the Niagara group, near the upper portion 
of the formation (Guelph horizon), at Cedarville, Greene county, Ohio. Ohio State 
collection. Collected by Prof. E. Orton. 



GASTEROPODA. 

Genus SUBULITES (Hall), Conrad. 

(Pal. N. Y., Vol. I., p. 182, 1847.) 

SlTBULITES TEREBRIFORMIS (n. Sp.). 

Plate 8, fig 6. 

Shell of moderate size, elongate terebriform, spire not regularly taper- 
ing, but very slightly swelling along the middle to the center of the 
body volution, from which point it is again contracted to the lower ex- 
tremity. Spire consisting of four or five volutions, the last or body volu- 
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tion forming nearly two-thirds of the entire length of the shell. Aper- 
ture elongate, narrow, acutely -pointed above and broad below, forming 
more than one-half of the length of the body volution. Suture faintly 
marked and close. Surface apparently smooth. 

The species differs from S. ventricosa, Hall, from the Onondaga salt 
group of New York, and also from the Niagara formations of Wisconsin, 
in being much more slender in proportion to its length, as well as being 
a much longer shell; also, in having the spire erect instead of bent to 
one side, as in that species, and in having the volutions more rapidly in- 
creasing in length. Prom S. elongatus, Conr., of the Trenton limestone, 
it differs in being proportionally shorter in the spire as compared with 
the body volution, and not so regularly tapering, the whole being round- 
ed toward the apex. It is, however, so.closely related in form to that 
species that it is exceedingly difficult to draw a very satisfactory com- 
parison. This species is the first one noticed in rocks of this age in this 
country, so far as we are aware, that has not the spire bent on one side 
like that of S. ventricosa. 

Formation and locality: In the limestones of the Niagara group (upper part, or 
Guelph horizon), at Clifton, Greene county, Ohio. State collection. Collected by 
Prof. E. Orton. 



Genus PLEUROTOMARIA, DeFrance. 
Pletjkotomakia occidens. 

Plate 8, fig. 2. 

PUurotomaria occidens, Hall ; 20th Eept. State Cab., pp. 342 and 364, pi. 15, figs. 11, 12; 
2d Ed., p. 392, pi. 15, figs. 11, 12, and pi. 25, figs. 9, 10. 

Shell rather large, depressed ; consisting of from two to three rapidly 
enlarging volutions. Spire low, not equaling one-half the height of the 
shell. Volutions flattened on the upper side ; strongly carinate and 
banded on the periphery, and regularly rounded below, except near the 
aperture of the finished shell, where it becomes prolonged or extended 
downward in the middle. Umbilical region broadly impressed, but not 
perforate, the surrounding surface gradually rounding into the cavity. 
Columellar lip thickened, forming a callous over the umbilicus ; reflected 
and curved in the lower part. Aperture large, sub-triangular, somewhat 
transverse in the specimen ; prolonged and pointed in the lower lateral 
portion. 

Surface of the shell marked on the upper surface of the volutions by 
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strong revolving lines or ridges, and apparently by transverse lines, and 
on the lower side by revolving ridges crossed by concentric lines of 
growth parallel to the margin of the aperture. Apertural notch not fully 
determined. 

The shell differs somewhat from those from the more western localities 
in Wisconsin and Iowa, especially in the greater flattening of the volu- 
tions, and in the more strongly carinate and less distinctly banded pe- 
riphery. But these features may be due in part to the vertical compres- 
sion to which the specimen has been subjected. The species is closely 
related to P. labrosa, Hall, from the Lower Helderberg group of New York, 
but differs in the smaller depth of the volution below the periphery. 

Formation and locality : In the limestones of the Niagara group, at Yellow Springs, 
Ohio. Collected by Prof. E. Orton. 

Genus TROOHONEMA, J. W. Salter. 
Teochonema pauper ?. 

Plate 8, fig. 4. 

Comp. Pleurotomaria pauper, Hall; Extr. 20th Rept. State Cab., p. 343, 1865. 
Comp. Trochonema (Pleurotomaria) pauper; 20th Rept. State Cab., Expl. pi. 15, figs. 
5, 6, and 9. 

Shell of medium size, broadly turbinate, consisting of three or more 
rounded ventricose and moderately increasing volutions. Suture line 
deeply marked and distinct, giving to the exposed portion of the volu- 
tion a full, round, almost inflated character. Form of the inner lip of 
the aperture and umbilicus unknown from Ohio specimens. 

Surface of the volutions marked by numerous distinct revolving bands, 
with concave spaces between them j about twelve of these bands can be 
counted on the exposed part of the last volution, which extends to near 
the lowest point as preserved in the rock. Between some of the more 
distant bands, and near the largest part of the volution, there are faint 
traces of intermediate bands of smaller size. There are also fine, closely 
crowded concentric strife of growth marking the surface and crossing 
the volution with a strong backward direction from the suture line 
toward the base of the shell, which undulate but very slightly as they 
cross the revolving bands. On the upper volutions the revolving bands 
are sharper, and the spaces between narrower and more deeply concave. 

There may be some question concerning the specific relations of this 
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shell. So far as can be seen from the only imperfect impression exam- 
ined, it differs somewhat from the original specimens of the species in 
the more rapid increase of the volutions, and also in the greater number 
of revolving lines or bands ; and no specimens have been seen that will 
satisfactorily determine the characters of the umbilical region. It is 
possible, therefore, that it may yet prove to be an entirely distinct species 
when better specimens are examined. We, therefore, propose to consider 
it as a variety of the above species under the varietal name of Ohio- 
ensis= Trochonema pauper var. Ohioensis. 

Formation and locality: In the upper part of the Niagara group (Guelph horizon), 
Greenville, Ohio. From the Ohio State collection. Collected by Rev. H. Hertzer. 



Genus STRAPAROLLUS, Montfort. 
Steapaeolltjs Niagaeensis (n. sp.). 

Plate 8, fig. 3. 

Shell small, discoidal, consisting of from two to two and a half volu- 
tions in a specimen measuring one inch and three-tenths in its greatest 
diameter. Volutions moderately increasing in size, and contiguous to 
each other, circular in a transverse section, the internal cast showing a 
space between the filling of two volutions equal to one-sixteenth of an 
inch, to allow for the thickness of the two walls of shell removed. Spire 
flat, or having the inner volutions slightly depressed below the plane of 
the outer one. Umbilical side broad and shallow, but more deeply de- 
pressed than the spire, exposing almost the entire diameter of the inner 
volutions, and in the cast showing the entire diameter. 

The surface of the shell, judging from the cast, has been marked by six 
or more faint, revolving lines or carinee. The two principal and most 
central ones form a band on the periphery, below which there are three 
others, and one or two additional ones below. There are also remains of 
strong, irregular, concentric lines of growth crossing the volutions. 

The species is represented only by internal casts, and in this condition 
bears a striking resemblance to shells of Euomphalus (Straparollus) laxus 
and E. (?) noveboracensis, Hall, the volutions having nearly the distance 
from each other as those of that species which retain the shell ; but if 
due allowance is made for the thickness of the two shell walls, it will be 
found that in this species they have been in close contact. In this re- 
spect it corresponds more nearly with Euomphalus clymenoides, Hall, from 
the Schoharie grit of New York, from which it differs in the more rapid 
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increase of size in the volutions. It differs from S. mopsus, Hall, from the 
Niagara group of Wisconsin, in the smaller number of more rapidly en- 
larging volutions, in the revolving ridges of the surface, and in the more 
depressed spire. 

Formation, and locality: In the upper part of the Niagara group, at Cedarville, Ohio. 
Collected by Rev. H. Hertzer. 

Genus TREMANOTUS, Hall. 

(20th Rept. State Cab., p. 347.) 

Tremanottjs Alpheus. 

Plate 8, fig. 1. 

Tremanotus Alpheus, Hall ; Extr. in Advance of the 20th Rept. State Cab., 1865, p. 43. 
Tremanotw Alpheus, Hall; 20th Rept. State Cab., p. 347, pi. 15, figs. 23 and 24. 
Bueania ( Tremanotus) perforatum, Winch, and Marcy ; Enumeration of Foss. collected 

in the Niagara Limestones near Chicago, etc., p. 100, pi. 3, fig. 7. 
Bueania Chicagoensis, McChesney (in part) ; Expl. of pi. 8, fig. 4, Pal. Foss., 1865. 

An example of this species, possessing all the features, as far as the im- 
perfect condition of the specimen will permit of identification, has been 
obtained from the limestones of the Niagara group, of Genoa, Ohio. The 
example shows the shell to have been composed of two or more volutions, 
which are broad and flattened, their lateral diameter being nearly double 
that of the dorso-ventral diameter, the outer volution embracing the 
inner one, as seen on the internal cast, to the extent of a little less than 
one-half their diameter, leaving a broad, open umbilicus. Volutions 
broadly rounded on the back, and sharply, rounded on the lateral por- 
tions. The aperture is not preserved on the specimen under considera- 
tion ; that of the species, however, is broadly expanded. The middle or 
dorsal portion of the outer volution is marked by a number of elongated . 
projections, their long diameter corresponding with the plane of the 
volution, indicating the dorsal perforations characteristic of the genus. 
Seven of these projections can be counted on a little less than half of the 
outer volution. 

The surface of the cast is smooth, there being no evidence of the ex- 
ternal revolving ridges which characterizes the exterior of the shell on 
the typical specimens. These, however, are frequently not preserved on 
the internal casts from the original locality. 

Formation and locality: In the limestones of the Niagara group, at Genoa and.' 
Springfield, Ohio. Collections of Columbia College and of Prof. Edward Orton. 

10 
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Tremanotus? trigonostoma (n. sp.). 

Plate 8, fig. 5. 

Shell moderately large, consisting of two or more volutions, the last 
one broadly expanded, forming a broadly sub-triangular lip bordering the 
aperture, the margins of which extend at right angles to the plane of 
the shell, on all sides, to a distance equal to the extent of the preceding 
volution, as seen on the posterior side of the aperture, except on the front 
or dorsal border, where it is directed upward, corresponding to the car- 
inate front of the volution, and deeply sinuate, forming a broad, triangu- 
lar notch. Inner volutions rounded on the back, and somewhat modified 
on the inner face by those within. Umbilicus apparently broad and 
deep. Surface smooth, not ribbed or costate, as is shown by the impres- 
sion of the exterior surface in the rock. 

The specimen used for description is a cast partly of the interior and 
partly of the exterior. It has a broadly expanded body volution and 
protruded front, which characterizes the genus Tremanotus, but the speci- 
men is not perfect enough to show the perforations on the dorsal portion 
■ of the last volution. The inside of the aperture is sub-triangular, the 
inner lip forming a straight margin across this side, which is scarcely 
modified in the center by the preceding volution, the outer margin of the 
lip on this side overlapping the inner whorl, and extending backward 
as far as the extent of the whorl. 

It is possible that the species may prove to belong to the genus Bucania, 
but the evidence is rather in favor of the other determination. It differs 
from T. alpheus, Hall, in the smooth surface, that one having strong ribs 
or costse marking the outer volution; also in the triangular form of the 
. aperture. 

Formation and locality: In the limestones of the Niagara group, at Genoa, Ohio, 
j From the collection of Columbia College, New York. 
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CEPHALOPODA. 

Genus ORTHOCERAS, Breyn. 
Orthoceras annulatum: 

Plate 9, fig. 1. 

Orthoceras annulaturn, Sow.; M. 0., tab. 133, 1818. 

Orthocemtites undulalus, Hisinger; Anteckn. V., tab. 4, fig. 6; Vet Akad. Handlin- 

gar, tab. 7, fig. 8. 
Orthocemtites undulatus ; Lethea Suecica, p. 28, tab. 10, fig. 2, 1827. 
Orthoceras anrmlatum ; Murch. Silurian Syst. and Siluria. 
Orthoceras undulatum; Pal. N. Y., Vol. II., p. 293, pis. 64 and 65. 
Orthoceras annvlaturn, Hall ; 20th' Kept. State Cab., p. 351. 
Orthoceras nodocostatum, McChesney ; New Pal. Foss., p. 94. 
Orthoceras nodocoHatum ; Trans. Chicago Acad. Sci., Vol. I., p. 53, pi. 9, fig. 5. 
Orthoceras Laphami, McChesney; New Pal. Foss., p. 91. 

Specimens of this species appear to be not uncommon at several local- 
ities of the Niagara group in Ohio, and frequently present the features 
of the species in a very good state of preservation. The individuals 
which have been received for examination range from a diameter of one 
inch and three-eighths to over two inches and a half. The shell is very 
gradually expanding from below upward, appearing in examples of a 
few inches in length to be of nearly or equal size at the opposite ends, 
very broadly oval in a transverse section, and strongly annulated by con- 
centric rings, which are more advanced on the sides of the shell in the 
direction of the longest diameter than on those of the opposite or shorter 
diameter. Annulations sharply elevated, and rounded on the top, where 
the substance of the shell is preserved, with broad, deep, concave de- 
pressions between them ; but where the specimens consist entirely of 
internal casts of the shell the rings and depressions are much less dis- 
tinct. The distance of the annulations from each other varies somewhat 
with the size of the shell, but is not uniform in the different individuals. 
On a fragment of an inch and a half in diameter the annulations are 
three-eighths of an inch from crest to crest, giving eight ridges and 
eight spaces in a length of three inches; and on another* individual, 
where the diameter is two and a half inches, the same number of rings 
measure three and a quarter inches only, the difference between the two 
being scarcely perceptible. Septa deeply and regularly concave, their 
edges corresponding to the external annulations in distance, the ridge of 
the annulation being placed at or a little in advance of the middle of the 



148 PALAEONTOLOGY OF OHIO. 

chamber, and the edges of the septa, in the direction of the longest 
diameter of the shell, being as much in advance of those on the flattened 
sides as will correspond with the increased diameter of the tube in that 
direction. 

Surface of the shell marked by closely arranged, concentric lines of 
growth, which are strongly undulated and lamellcse, but less distinctly 
marked on the ridges than between. There are also distant parallel 
ridges traversing the shell longitudinally, and forming slight nodes 
where they cross the concentric annulations. The surface characters, 
especially the longitudinal ridges, are often quite obscure, and where the 
specimens are coasts of the interior, the lamellose lines are seldom, if 
ever, seen, although the nodes left by the ridges, where they cross the 
annulations, are in these cases frequently quite distinct. 

The species has been so frequently described, and is so universally 
known, that it is not necessary to institute comparisons between the sev- 
eral forms which have given rise to the many synonyms under which it 
has appeared. 

Formation and locality : In the limestones of the Niagara group, at Yellow Springs, 
Cedarville, and elsewhere in Ohio. 



Orthoceeas crebescens. 

Plate 9, fig. 2. 

Orthoceras crebescens, Hall; 20th Kept. State Cab., p. 354, pi. 19, figs. 1-3. 

Shell of rather large size, gradually and moderately tapering ; trans- 
verse section circular, or sub-circular, from compression; septa deeply 
and evenly concave, quite regularly disposed and distant, about three 
and a half of the chambers occupying a length equal to the diameter of 
the shell where counted ; siphuncle very large, and centrally situated ; 
surface unknown. 

The examples, being all internal casts, do not preserve the features of 
the exterior surface, but that of the casts is perfectly smooth, so far as 
can be determined. There are some points of difference between the 
Ohio specimens and those from the more western localities from which 
the original description of the species was taken, as the slightly greater 
distance of the septa, and the more distinctly oval form of the shell. 
This latter feature, however, may have been caused to considerable ex- 
tent by compression, as all of the individuals observed have the flatten- 
irfg in the direction of the plane of the strata, as far as can be deter- 
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mined from the filling of the chambers and the adhering rock. These 
differences, being so slight, have not been deemed of sufficient importance 
to require a distinct specific designation. 

Formation and locality : In the limestones of the Niagara group, at Cedarville, Greene 
county, Ohio. Collected by Rev. H. Hertzer. 

Orthoceras strix (n. sp.). 

Plate 9, fig. 3. 
Shell rather large, somewhat rapidly expanding from below upward, 
increasing from a diameter of one and a quarter inches to exactly twice 
that diameter in a length of seven inches ; transverse section broadly 
oval, or sub-circular, the greater flattening of some examples having 
been caused partly by compression, as is shown by the more nearly cir- 
cular form of the lower extremity of the specimen figured. Septa strong, 
moderately concave, and widely separated, being a little more than half 
an inch distant from each other in the examples studied, and the distance 
apparently not increasing with the increase of the shell. Siphuncle 
sub-central, proportionally not very large. Surface of the cast marked 
by strong, longitudinal flutings, which measure nearly or quite half an 
inch from crest to crest at the upper end of the specimen figured, and a 
little more than a fourth of an inch at the lower extremity of the frag- 
ment ; interspaces regularly concave. The surface of the shell has ap- 
parently been longitudinally striated in the flutings, as is shown by a 
fragment of shell adhering to the cast in the depression of one of the 
flutings, but no evidence of transverse striae, like that on some species 
of this group, has been seen. 

This species bears considerable resemblance to 0. columnare, Hall, but 
besides having the flutings of much larger size in comparison, the shell 
tapers much more rapidly than any of the forms referred to that species. 
Compared with 0. cadmus, Bill, Sil. Foss. Anticosti, p. 83, it differs very 
materially in the more rapid increase in size, and in its oval section. 

Formation and locality: In limestones of the Niagara group, at Yellow Springs, Ohio. 
Collected by Prof. Edward Orton. 

Genus CYRTOOERAS, Goldf. 
Crytoceras mtrice (n. sp.). 

Plate 8, fig. 9. 
Shell rather below the medium size, very moderately expanding from 
below upwards, but a little more rapidly below than above the middle of 
the length ; a slight constriction just below the margin of the aperture 
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forms a broad, shallow depression around the shell at this point. Curva- 
ture of the shell very moderate throughout the entire length, the arc of the 
inner side deviating but little from a straight line, while the curvature of 
the outside is greater by the increased diameter of the shell ; transverse 
section nearly circular, a very little flattened in the dorso- ventral direc- 
tion, which may be partly due to compression. Septa numerous, rather 
closely arranged, measuring about six in the lower part, and over eight 
in the upper part, in a distance equal to the diameter of the shell at the 
top of those included in the measurement. Position of the siphuncle 
not observed. 

Surface of the cast longitudinally fluted, and yet, more distinctly on 
the fragments, preserving the shell partially exfoliated or eroded. The 
flutings consist of sharp, elevated ridges, with regularly concave inter- 
spaces. On the body of the shell the ridges are a little more than a line 
apart from crest to crest, numbering twenty-seven in the circumference 
of the shell. 

The species is entirely unlike any other form of the genus yet 
described from rocks of this age, in the slight curvature and lirated sur- 
face, combined with the circular section. 

Formation and locality : In limestones of the Niagara group, at Yellow Springs, Ohio. 
Ohio State collection, and collection of Columbia College, New York. 



Cbytocekas Hertzeki (n. sp.). 

Plate 8, figs. 7, 8. 

Shell of medium size, moderately arcuate, and rather rapidly expand- 
ing to the outer chamber ; broadly ovate transversely, the largest on the 
outer side of the center, the two diameters being as eleven to thirteen. 
Outer chamber short, rapidly contracting above, and rounded to the con- 
strictions of the aperture ; the height being somewhat less than the 
smallest transverse diameter, the point of greatest elevation being near 
the dorsal side of the aperture, whence the surface slopes rapidly, but 
with some convexity, to the inner side of the shell. Aperture deeply 
lobed, the dorsal portion first forming four lobes, two on each side of the 
center, the inner ones afterwards becoming again divided, giving three 
lobes to each side of the median line, with a deep median sinus dividing 
the two sets on the dorsal margin. The inner or ventral portion of the 
aperture forms an elongate ovate opening, connected by a narrow slit 
with the dorsal lobes, and reaching to nearly one-third of the distance 
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between the dorsal extremity of the aperture and the first septum on the 
inner side of the shell; the entire length of the aperture is equal to 
about six-sevenths of the shortest diameter of the largest part of the 
shell. Septa rather closely arranged, slightly concave, and strongly 
arching upwards on the back, each of them, except that next the outer 
chamber, marked near the upper margin, as seen in the portion of a cast 
figured, by an impressed line to near the inner side, which here becomes 
deflected from the direction of the septum, and crosses to its lower limits. 
On the surface of the cast are seen distinctly depressed lines running 
lengthwise, and corresponding to the curvature of the shell, giving evi- 
dence of the exterior surface having been faintly lirated, or longitudin- 
ally fluted. Siphuncle small, situated about twice its diameter from the 
inner margins of the septa. 

This species has its nearest analogue in 0. ssptorig=Gomphoceras septork, 
Hall, 18th Rept. State Cab., p. 350, but differs in the greater length of the 
outer chamber, in the form and proportion of the lobes of the aperture, 
in the more lateral position of the opening, and in the rounding or 
sloping of the ventral side of the outer chamber. The dorsal lobes of the 
aperture in that species are seven, one being central and the other three 
pairs gradually lessening in size towards the ventral side, while in this 
there is no central one, and each of the others are of nearly the same 
lateral extent. 

Formation and locality : In the lim.estones of the upper part of the Niagara group 
(Guelph horizon), at Cedarville, Greene county, Ohio. Ohio State collection. Col- 
lected by Rev. H. Hertzer. 



Genus PHRAGkYEOCERAS, Broderip. 
Phragmoceras parvum (n. sp.). 

Plate 8, fig. 10. 

Shell small, strongly curved, and rapidly expanding toward the outer 
chamber; transversely broadly ovate below, but becoming more flattened 
toward the aperture ; widest on the dorsal side of the center, and rounded 
on the back, the inner side narrow, and almost sub-angular. Outer 
chamber about as long as the dorso-ventral diameter of the shell at the 
upper margin of the last septum ; edges of the aperture sharply inflected 
toward each other, contracting the opening to a narrow slit along the 
middle of its length, which terminates in a rounded triangular opening 
at the dorsal end, the margins of which are slightly raised ; and at the 
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ventral end is prolonged into a tube-like projection, extending to a 
distance beyond the limits of the shell below, about equal to one-fourth 
of the lateral diameter of the outer chamber at its widest part. The 
septa, only two of which are preserved in the specimen figured, are pro- 
portionally distant, slightly concave, and but little curving upwards at 
the dorsal and ventral portions. Siphuncle minute, situated close to the 
inner margin. Exterior surface unknown. 

The species differs from any other described in its small size, in the 
general form and rapid curvature, combined with the protruding tube- 
like process at the ventral extremity of the aperture. 

Formation and locality : In the limestones of the upper part of the Niagara group, at 
Cedarville, Greene county, Ohio. Ohio State collection. Collected hy Prof. E. Orton. 



Phragmoceras ellipticum (n. sp.). 

Plate 8, fig. 11. 

Shell of large size, slightly curved, transverse section narrowly ellip- 
tical, a very little wider on the outer than on the inner side of the cen- 
ter. Outer chamber wider than high; very depressed convex on the 
sides, and sharply rounded on the dorsal and ventral edges ; the ventral 
side extended at the aperture, forming a tube-like projection ; the re- 
mainder of the aperture not known. First chamber below the chamber 
of habitation very sn allow ; septa deeply concave; siphuncle large, 
situated close to the inner side of the shell. 

The specimen used in description consists of the cast of only the outer 
chamber and a fragment of the filling of the next chamber below, and 
is, moreover, imperfect at the upper extremity; but the form of the 
transverse section is so very distinct from any other species yet de- 
scribed that it is readily characterized, and as readily, distinguished 
from any other species. The shell has been of very large size, the frag- 
ment used measuring nearly four inches in width, with a height of three 
and a quarter inches, the thickness from side to side being only a little 
more than one and a half inches. The peculiar narrow form of the trans- 
verse section is a good distinguishing feature. 

Formation and locality : In the limestones of the Niagara group, in Highland coun- 
ty, Ohio, associated with Trimerella Ohioensis. Ohio State collection. Collected by 
Prof. Edward Orton. 
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CRUSTACEA. 

Genus CALYMENE, Brong. 
Calymene Niagarensis. 

Plate 6, figs. 14, 15. 

Calymene Niagarensis, Hall ; Geol. Rept. 4th Dist. N. Y., 1843, p. 102, and fig. 3, p. 101. 
Calymene Blumenbachii, var. Niagarensis, Hall; Pal. N. Y., Vol. II., p. 307, pi. 67, 

figs. 11 and 12. 

General form elongate obovate, widest at the posterior limit of the 
cephalic shield, gradually tapering from this point to the anterior bor- 
der of the pygidium, beyond which it tapers more abruptly. Cephalic 
shield short and broad, the width twice and a half as great as the length. 
Glabella very prominent, projecting above the cheeks and eyes ; rounded 
and full in the center and front ; separated from the fixed cheeks by 
deep, sharp furrows; the general form conical, rounded truncate ante- 
riorly, widest across the posterior lobes, which is equal to the length, 
including the occipital ring, strongly divided by transverse furrows, 
and showing in the cast, in which condition it is usually found, four 
pairs of lateral lobes — the two anterior ones narrow and faintly marked, 
the third small, but rounded and node-like ; the posterior lobes large, 
having the form of rounded tubercles. Occipital groove narrow and 
arching forward in the middle. Anterior border of the head narrow, 
and abruptly curving upward in the middle. Eyes small and promi- 
nent. Posterior limb of the fixed cheeks broad and extending to the pos- 
tero-lateral angles of the head. Suture line reaching the anterior border 
of the head directly in front of the eye, and forming nearly a straight 
line between these points ; behind the eye it is directed toward the pos- 
tero-lateral angles of the head with a regular forward curve. 

Thorax consisting of thirteen articulations, the length about twice 
and a half as long as the entire length of the head, measuring along the 
axial lobe ; strongly trilobate longitudinally ; the central lobe forming a 
little more than one-third of the entire breadth, elevated above the lat- 
eral lobes, and highly arched transversely, separated from the lateral 
lobes by a sharply marked longitudinal furrow. Lateral lobes flattened 
on the top for nearly or quite one-third of their width, then more or less 
abruptly curving downwards to the extremities of the pleura. The ar- 
ticulations are distinctly arched forward along the center of the axial 
lobe, and each one is marked in the cast, on each side of the axis, near 
its junction with the lateral lobes, by a distinct, rounded, more or less 
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prominent tubercle or node. Pleura marked by a broad, deep furrow, 
rising from the upper edge near the axis and extending more than two- 
thirds of the length, terminating on the expanded overlapping portion 
in a narrow, curving line. On the upper part of the lateral lobe the fur- 
row occupies fully one-half the width of the rib. 

Pygidium sub-triangular in outline, about as long as the length of the 
glabella, exclusive of the occipital ring; its length along the centre 
about equal to each lateral face, measuring from the antero-lateral angle 
to the posterior extremity, the lateral lobes being much wider than the 
axial. Axis obconical, longer than wide, obtusely rounded at the ex- 
tremity, and not reaching to the border of the plate ; marked by six or 
seven articulations, exclusive of the terminal one. Lateral lobes round- 
ed or sloped on the anterior border, the surface abruptly declining from 
the longitudinal furrow to the lateral margins ; border broad and thick- 
ened, the four or five articulations extending but little more than half 
way to the edge of the plate, and not showing any evidence of a central 
depression. Posterior border of the pygidium broadly notched on the 
lower edge, not showing except in a posterior view. 

A s the specimens obtained in Ohio are always in the condition of in- 
ternal casts, the characters are, of course, somewhat different from those 
seen where the substance of the crust is preserved. The species has a 
very wide geographical range, occurring in nearly all localities of the 
Niagara formation throughout the country, but usually in the condition 
of casts in the dolomites of the West. It bears considerable resemblance 
to C. aenaria, Conrad, from the lower geological formations, but differs in 
several minor points. The most noticeable, and one which readily serves 
to distinguish the two forms, is the much greater projection of the ante- 
rior rim of the head, and its more strongly upward curvature in that 
species. 

Formation and locality : In the limestones of the Niagara group, at Cedarville, and 
more commonly at Eaton and Yellow Springs, Ohio. 



Genus ENCRINintUS. 
Encrinueus ornatus (n. sp.). 

Plate 6, fig. 16. 

Oybele punctatus, Hall; Pal. N. Y., Vol. II. , p. 297, pi. 66a, fig. 1. . 
Not Calymene punctatus, Dal., Hisinger, and others. 

Among the fossils from the formation at Yellow Springs, Ohio, there 
are several specimens of pygidia of a species of Encrinurus, one of 
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which retains parts of five of the thoracic segments attached. The speci- 
mens appear to be identical in form, in the ornamentation of the sur- 
face, and in the number of segments, with those from the Clinton group 
of New York, which have been referred to E. punctatus, but differ very 
considerably from the figures and descriptions of that species as given by 
European authors. Some of the Ohio specimens are considerably larger, 
and show the markings more distinctly than those illustrated in Vol. II., 
Pal. N. Y., as above cited. 

The form of the pygidium is triangular, as wide, or a little wider, than 
long, measured on the internal cast, which is the condition in which it 
occurs. The prolongation of the posterior extremity being much con- 
tracted in this condition, the length of the plate on the perfect crust has 
probably somewhat exceeded the greatest width. The axial lobe forms 
less than one-third of the entire width, is strongly marked and some- 
what flattened on the top, except at the anterior portion, and divided 
transversely into about twenty or more segments. The center of the 
lobe is marked by a row of five, prominent, rounded nodes, the anterior 
one of which is situated on the second segment, the next on the fifth, 
the others having three segments between each node. It is possible 
that on the exterior surface of the crust there may have been an addi- 
tional or sixth node on the terminal segment of the axis, but no evi- 
dence of it exists on the specimens examined. The lateral lobes are 
marked by seven segments, all of which are directed abruptly backwards 
from their origin at the longitudinal suture, and each segment appears 
to have been marked near its inner end by a transverse node, and, also, 
by one or more other nodes further out on the rib. 

The thoracic segments are too imperfect to afford characters for a 
complete description. The axial lobe is shown to be highly convex, and 
the lateral lobes flattened for nearly half their breadth, at which point 
they are abruptly bent downwards and slightly inclined backwards. 

Compared with specimens from the Clinton group of New York, there 
are very few points of difference of any importance, except the more dis- 
tant nodes on the lateral lobes of the pygidium where the specimens 
preserve the original crust; but compared with the figures of European 
authors, the differences are more marked— those all representing a single 
row of nodes along the middle of each lateral lobe, while the Ohio speci- 
mens have had two or more— probably four— on several of the anterior 
segments. The New York examples show even more than four on the 
.anterior segments. The figures given in Murch. Siluria, plate 10, figs. 
4 and 5, differ in the disposition of the nodes on the axial lobe to such 
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an extent as to preclude the possibility of a specific identification, while 
there are none represented on the segments of the lateral lobes. 

Formation and locality : In limestones of the Niagara group, at Eaton and Yellow 
Springs, Ohio. Collected by Prof. Edward Orton. 



Genus LICHAS, Dal man. 
LlCHAS BREVICEPS. 

Plate 6, fig. 17. 
Lichas breviceps, Hall ; Trans. Alb. Inst, "Vol. IV., p. 222, 1862. 

Among the remains of trilobites from the Niagara group there is a 
single imperfect glabella and a portion of a pygidium which appears to 
belong to the above named species. The glabella has been very short 
and broad, and very distinctly divided into three lobes, the central one 
being broad and rounded in front, and abruptly contracted posteriorly, 
but again slightly expanding just in front of the occipital furrow. The 
lateral lobes are proportionally large, sub-reniform, as long again as wide, 
and a little wider than the narrowest part of the central lobe, placed 
with their rounded or convex sides against the central lobe. The front 
of the head is broadly rounded, and bordered by a very narrow, thick- 
ened, cord-like, closely appressed rim. Occipital ring broad and flattened. 
Surface very finely pustulose, appearing to the unassisted eye only as 
finely granulose. Byes and movable cheeks not observed. 

The pygidium associated with the glabella is semi-oval, longer than 
wide — the axis at its anterior end forming a little more than one-third 
of the entire width, the form being elongate tringular, marked by only 
two distinct rings, the furrows between them not extending entirely 
across the lobe, and the posterior extremity of the lobe bluntly rounded. 
Lateral lobes flattened, marked by three pairs of furrows ; but the speci- 
men is too imperfect to show whether there has been more than one 
point on each side above the central or terminal one; but the evidence, 
as furnished by the direction of the furrows and striae on the under sur- 
face, would indicate the existence of two points. 

The original specimen of L. breviceps is from the Niagara group, at Wal- 
dron, Indiana, and although, on comparison, there are some slight differ- 
ences noticed between them, they are not of sufficient importance to be 
considered of specific value. The species differs from L. Boltoni, of the 
same formation in New York, in the shortness of the head, the greater 
posterior breadth of the central lobe of the glabella, in the rounded front 
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of the head, and in the absence of the broad, somewhat projecting and 
flattened anterior border of that species, and the surface features of the 
crust are also of much finer texture. From L. nereus, Hall (16th Rept- 
State Cab., p. 226), to which it is closely related, it differs in the propor- 
tionally shorter cephalic shield, in the more curved lateral lobes, and in 
the absence of the anterior prolongation of the border. 

Formation and focality : In limestones of the Niagara group, at Yellow Springs, Ohio. 
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CRINOIDS OF THE GENESSEE SLATE AND CHEMUNG 

GROUP. 



The two following species of Crinoids are of considerable interest 
from their supposed geological position, coming from formations which 
have heretofore yielded so few forms of this class. The Platycrinus is 
from rocks which are probably equivalent to the Chemung or Portage of 
New York, while the other is from beds supposed to be of a correspond- 
ing age with the Genessee Slates of New York, a formation that has 
never yielded any remains of Crinoids within the limits of that State. 



Genus MELOCRINUS, Goldf. 

Sub genus OTENOORINDS, Brown. 

Melockinus (Ctenocrintjs) Bainbridgensis (n. sp.). 

Plate 13, figs. 2 and 3. 

Body rather above a medium size, very broadly turbinate, spreading 
somewhat rapidly from the base to the origin of the free arms, strongly 
pentangular in a basal view; dome low pentapyramidal, the highest 
point nearer to the largest interradial (anal) area, the summit perforated, 
and has apparently been surmounted by a very small or slender pro- 
boscis ; spaces above the interradial areas somewhat depressed, the whole 
composed of small polygonal plates, apparently without definite arrange- 
ment, except in the depressed areas, where they are indistinctly ar- 
ranged in transverse lines. The four basal plates form a low vertical 
rim at the base of the cup, which is slightly lobed by the depression of 
the suture lines. First radial plates large, a little wider than high, four 
of them heptagonal, the other hexagonal; second radials hexagonal, 
wider than high, the widest part mostly above the center of the plate ; 
third radials smaller than the second, but variable in size and form. In 
the specimen used for description they are heptagonal in the anterior 
ray, and hexagonal in the left postero-lateral ray, while in the other 
three they are pentagonal. The supraradials are arranged above the 
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third radials in double series, one above the other, on each sloping face, 
the upper ones being short, broad plates, and support a third set, which 
appear to have been more properly the first arm plates, although they 
are all more or less broken in the specimen, so that it is impossible to 
determine fully their true nature. The inner margins of these, and also 
of the second range of supraradials, are closely pressed together, so as to 
unite the cicatrices of the two upper plates, on which the arms rest, to- 
gether forming only a single scar. Interradial areas large, four of them 
similar in size, but varying in the arrangement of the plates. The first 
plate in each of these areas is somewhat regularly hexagonal, the height 
and width being about equal, supporting two smaller plates in the sec- 
ond range, some of which are hexagonal, and others heptagonal; the 
third range consists of three plates, above which they are not regular, 
some having three, others four, and in one area there are five plates in 
this range ; above this point they are more properly dome than inter- 
radial plates. The fifth area, which corresponds to the anal area of the 
unsymmetrieal crinoids, is larger than the other four. The first plate 
is large, equal in size to the largest of the first radials, and heptagonal 
in form, supporting three plates in the second range in the form of an 
arch, with four in each of the two next ranges, each range having the 
same arcuate feature, which feature continues, though with less distinct- 
ness, to near the base of the proboscis. 

The surface of all the plates of the calyx are very depressed convex, 
with slightly concave centers, and more abruptly rounding near the 
margins; or they may be described as flattened, with the margins 
roundly beveled, the suture lines presenting the appearance of being 
widely grooved. The plates of the dome are moderately convex, with 
very distinct sutures. The plates of the calyx are marked over their 
entire surface, except the most depressed part of the suture grooves, by 
a system of small confluent granules arranged in concentric circles. 
Those of the dome are simply finely granulose. 

Associated with the body described are several pieces of columns, of 
rather less than a fourth of an inch in diameter, composed in some cases 
of alternating larger and smaller discs, in others of similar sized plates, 
all having their exterior surfaces longitudinally marked similar to the 
plates of the body; also, a fragment of an arm, which is very thick and 
strong in its habit of growth, and is supposed to be an arm of this 
species, as there is no >other form of arm, or of body, found associated 
with them. The arm is broad and flattened, almost depressed along 
the center of the back, and is composed of a double series of very short 
plates, interlocking with each other along the center, but scarcely alter- 
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nating ; every fourth plate on each side is thickened on the outer end, 
and supports an armlet, which is composed of a single range of short, 
flat plates, supporting tentacular, the precise nature of which can not be 
satisfactorily made out in the fragment under examination. The armlet- 
bearing plate of the right side of the arm rests immediately upon that 
bearing an armlet on the opposite side of the arm, leaving three simple 
plates between this and the next armlet below. 

The species bears considerable resemblance to Melocrinus breviradiatus 
(name issued with explanation of photograph plate, August, 1872), from 
the Hamilton group of New York, but differs in the less projecting rim 
at the base of the cup, formed by the basal plates, in the greater inequal- 
ity of the interradial and anal areas, and also in the surface character 
and ornamentation of the plates, as well as in the flattening of the sur- 
face of the plates themselves, those of that species being highly convex, 
approaching tumidity. 

The form of the arm bases, together with the character of the arm 
found associated with it, would indicate the existence of only a single 
strong arm to each ray, bearing numerous armlets along its sides. This 
feature is the one peculiarity of the genus Ctenocrinus, Brown, as exem- 
plified in 0. stdlaris, Rcemer (Pictet's Traite de Palaeont., PL CI., fig. 1), 
and to which this fossil, in its structure, bears a striking resemblance, 
differing only in the possession of four basal plates, which are strongly 
marked and positively divided in this species, although somewhat more 
obscure in M. (C) breviradiatus, which appears to be congeneric, while in 
the generic description given in Bronn's Lethea, the number of basal 
plates is said to be only three; but still there seems to be some doubt 
about it, as the number is followed by an interrogation point. The 
principal feature, however, claimed for the generic distinction being the 
form and number of the arms, and the arrangements of the armlets, we 
prefer to place this species under the genus, believing that the C. stellaris, 
when thoroughly examined, will prove to possess four basal plates. This 
form of structure will make it in all respects, as far as the body is con- 
cerned the same as in Melocrinus, Goldf. The Melocrinites nodosus, Hall 
(Rept. Progr. Geol. Surv. Wisconsin, 1861, p. 19), will probably also prove 
to belong to this same division of the group. 

Formation and locality: In a limestone layer, six inches in thickness, about thirty feet 
above the base of the Huron Shales (Black Slates), Bainbridge, Boss county, Ohio. 
Ohio State collection. Collected by Mr. J. H. Poe, of Ohillicothe, Ohio. 
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Genus PLATYCRINITS, Miller. 
Platyceinus Bedfoedensis (n. sp.). 

Plate 13, fig. 4. 

Body of medium size, pocilliform, a little wider than high. Basal 
plates proportionally large, regularly rounding from the edges of the col- 
umn to their superior margins, and forming about one-third of the height 
of the cup. First radial plates large, moderately excavated for the recep- 
tion of the second radials. Arms, four from each ray, so far as deter- 
mined ; simple above their origin, of moderate strength, and composed 
of a single series of wedge-formed plates, each of which extends entirely 
across the arm, and bears tentacula on its longer side, thus giving a 
tentacle to every alternate plate on each side of the arm. Tentacula 
rather strong, flexuose, and composed of rather long plates, which are 
very distinctly grooved along their inner face. 

Surface of the plates of the body apparently smooth. Column strong, 
somewhat pentangular in the upper part, and one example very decid- 
edly spinose on the edge of the plates. 

The specimens of this species examined are imbedded in a ferruginous 
shale, and the characters much obscured thereby, so that the entire 
structure can not be fully determined, especially near the bifurcations of 
the arms. It closely resembles P. Lodensis, of the Waverly group, in the 
general form and structure of the arms, but is of a more robust habit,, 
and differs in that the arm plates extend entirely across the arm, instead* 
of only partially across, as in that species. 

Formation and locality : In the upper part of the Erie shale, Bedford, Ohio. Col- 
lection of Columbia College, New York. 
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CRINOIDEA OF THE WAVERLY GROUP. 



Genus ACTIFOCRINUS, Miller. 
Actinoceinus Daphne. 

Plate 11, fig. 11. 

Actinocrinus Daphne ; 17th Eept. on the N. Y. State Cab. of Nat. Hist., p. 52, 1864. Extr. 
published in advance, Albany, Nov. 11, 1863. 

Body broadly turbinate, of medium size ; base slightly projecting over 
and beyond the column, with a groove just within the basal margin. 
Basal plates of moderate height, and barely indented at the suture lines. 
jFirst radial plates larger than any others in the body ; second radials 
'.hexagonal ; third radials pentagonal, hexagonal, and heptagonal (some- 
-times the upper lateral angles being simply truncated), smaller than the 
second radials, supporting on the upper oblique edges a simple supra- 
■radial plate on each side. These latter, from the outer sloping side, give 

• origin to a simple arm, and on the inner superior side they support a 
^bifurcated plate which gives origin to two arms, making six arms to the 
jay. One of the rays (probably ihe anterior one) exhibits some appear- 
.anee of having but five arms. This would give a formula of 

6i=29 arms. 

6 6 

In the interradial series the lower plate is hexagonal, supporting two in 
.the second range, above which they are not known. 

Arms long and slender, not bifurcating, composed of a double series of 
^short plates. The arms in the middle of their length often become flat- 
tened on the back, and in their upper part grooved along the junction of 
the plates, the surfaces of which are longitudinally striated in the lower 

• part, becoming nodose abovo. 

Tentacula long and slender, composed of several joints, each of which 
supports an ascending spine. 

Surface of plates marked by radiating ridges extending from the cen- 
ter to the margins. Approaching the divisions of the ray, and in the 
supraradial series, the plates become angulated along the center in the 
direction of the ray. 

Column large, round, composed of alternating larger and smaller joints. 
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This species resembles the A. eucharis and A. Calypso, of the Hamilton 
group, differing from the first in the number of arms, and in having the 
subdivisions of the ray beginning as it becomes free from the cup ; and 
from the latter it differs in the greater number of arms from the ray, as 
well as in the angular character of the supraradial plates. 

Formation and locality: In shales of the Waverly sandstone group, at Richfield, 
Summit county, Ohio. 



ACTINOCRINUS HELICE. 

Plate 11, figs. 5-8. 

ActinocrinuB Mice; 17th Rept. on the N. Y. State Cab. of Nat. Hist., p. 53, 1864. Extr. 
published 1863. 

Body short, broadly turbinate, the base overhanging the column. 
Basal plates somewhat deeply notched at the suture lines ; first radial 
plates proportionally large; second radials small, quadrangular; third 
radials slightly larger than the second, pentangular, supporting supra- 
radial and brachial plates on the upper sloping sides. 

In the anterior ray the third radial supports simple brachial plates 
only, giving origin to two arms ; in the antero-lateral rays the third 
radial supports a supraradial or bifurcating plate on one side, and simple 
brachial plates on the other, giving three arms. Sometimes there are 
two bifurcating plates in these rays, giving origin to four arms in one or 
both these rays. 

•In the postero-lateral rays the third radial plate supports a bifurcating 
supraradial on each side, giving origin to four arms to each ray, making 
a formula of 

|j=16 arms, or J|=17 arms. 

A constant feature of this species, so far as observed, is the existence 
of two arms in the anterior ray, and four in each of the postero-lateral 
rays, while in the antero-lateral divisions there may be two, three, or 
four arms in one or both rays. 

Interradial areas with the first plate large, and one or two plates above 
it. First anal plate large, heptagonal, round and nodiform in the mid- 
dle, supporting three plates in the second range, with two or three small 
ones above. 

Arms stout and of moderate length, composed of a double series of 
plates, the center of which are elevated, producing transverse angular 
ridges. In the upper part of the arms these ridges are broken into nodes, 
which are sometimes sharply elevated. 
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Surface of plates usually strongly nodose, becoming sub-angular or 
ridged towards the margins. 

Column comparatively strong, composed of very thick, unequal joints, 
the larger ones being angular on the periphery, and sometimes showing 
a tendency to produce small nodes. 

This species is of the type of A. unicornis, o*f the Burlington limestone, 
and is nearly related to A. precursor, of the Hamilton group ; but that 
one has a stronger body and more robust arms, with but three arms from 
each ray. It may also be compared with A. cauliculus, of the Hamilton 
group, which has a smaller and less spreading base, with more numerous 
and less spreading arms. 

Formation and locality : In shales of the Waverly group, at Richfield, Summit 
county, Ohio. 



AcTINOCRINUS ERIS. 

Plate 11, figs. 9, 10, 
Actinocrinm helice, var. Erie; 17th Rept. on the N. Y. State Cab. of Nat. Hist., p. 53. 

Body short and broadly turbinate, somewhat lobed at the divisions of 
the rays. Basal plates small, slightly projecting at their lower margins; 
first radial plates proportionally large, wider than high ; second radials 
small, quadrangular ; third radials larger than the second, wider than 
high, very obtusely wedge-form above, supporting brachial plates in the 
anterior and anterolateral rays, giving two arms to each; in the postero- 
lateral rays the third radials support supraradials on the anal side and 
brachials on the other side, giving three arms to each of these rays. 

This structure gives a formula of 

21=12 arms. 

33 

Interradial areas small, the first plate large, heptagonal or octagonal, 
with one or two plates above. Anal area large, the first plate large, hep- 
tagonal, supporting three smaller plates in the second range. 

Arms proportionally large and strong, composed of a double series of 
short, interlocking plates, which are ridged transversely. Plates of the 
body depressed convex, sub-angular in the upper series. 

This species corresponds with A. helice in general form and propor- 
tions, but the plates of the body are not nodose, and the arm formula 
differs conspicuously, there being in this but three arms to each of the 
postero-lateral rays, while that has four. Prom this constancy of char- 
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acter, with other differences of less importance, it seems proper to recog- 
nize this form as a distinct species, under the name used to designate the 
varietal form. 

Formation and locality: In shales of the Waverly sandstone group, at Richfield, 
Summit county, Ohio. 



ACTINOCRINUS VIMINALIS. 

Plate 11, figs. 12-14. 

Actinocrinus viminalis; 17th Rept. on the N. Y. State Cab. of Nat. Hist, p. 54. Extr. 
published 1863. 

Body short and spreading, broadly cyathiform, and deeply lobed at the 
rays. Basal plates very small ; first rddial plates proportionally large ; 
second radial plates broad, quadrangular; third radials very short and 
broad, pentangular, supporting brachial plates on their upper sloping 
sides. 

Arms two from each ray, simple at their origin, and composed of a 
double series of plates beyond the third or fourth above the third radial. 
The arms are usually almost regularly bifurcating near the base, and 
unequally divided above. Abjve the first bifurcation, one of the divi- 
sions often continues simple, while the other becomes subdivided, and 
not unfrequently both are subdivided. In the anterior ray of one in- 
dividual the arm is bifurcated at the regular distance below, one divi- 
sion again subdividing into three and the other into five arms or 
branches. The mode of bifurcating differs from the ordinary forms of 
Actinocrinus, where the arm is composed of a double series of interlock- 
ing plates ; the usual mode being, that the axial plate extends entirely 
across the arm at the base of the division, while in this one the axial 
plate is small and pentagonal, intercalated between those of the outer 
ranges on each side, which are continued without interruption. 

The interradial areas consist of one small plate below with two elongate 
plates above, which are situated between the bases of the arms. The 
first anal plate is smaller than the first radial ; and above this they have 
not been determined. 

Dome large, ventricose, somewhat lobed in the direction of the rays, 
composed of numerous small, flat, polygonal plates. 

Plates of the body little convex, somewhat elevated along the middle 
or approaching to sub-angular, with surface striato-granulose ; plates of 
the arms nearly smooth, with a sub-angular elevation near the upper 
margin. 
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Column of medium proportions, composed of alternating thicker and 
thinner joints. 

In the mode of arm-bifurcation this species resembles the A. Whitei, of 
the Burlington limestone ; the form of the body is very different. In 
this, the arms become free above the third radial plates, while in that 
they are united to the cup by interbrachial plates, and rise from the 
body in ten divisions; and these are free before subdividing, and present 
but five arms where they become free from the body. 

Formation and locality: In shales of the Waverly sandstone group, at Eichfleld, 
Summit county, Ohio. 

Genus PLATYCRINUS, Miller. 
Platycrinus contritus. 

Plate 11, fig. 4. 
Platycrinus contritus; 17th Rept. on the N. Y. State Cab. of Nat. Hist., p. 54. Extr. 
published 1863. 

Body broad and short, broadly truncate and concave at the base for the 
reception of a large column. Basal plates forming not more than one- 
third the height of the cup, projecting at the base ; first radial plates 
wider than high ; second radials sub pentangular, with short lateral 
sides. 

Arms short and strong, composed of a double series of plates, bifur- 
cating on the second radial. Divisions, four from each ray, except on the 
postero-lateral ones, where there are three on the anal side, making 
five to each of these rays, giving a formula of 

11=22 arms. 

5 4 

Surface smooth. Column unknown. 

This species is of the type P. Burlingtonensis, and its varieties. 

Formation and locality : In shales of the Waverly sandstone group, at Richfield, 
Summit county, Ohio. 

Platycrinus graphicus. 

Plate 11, fig. 2. 

Platycrinus graphicus; 17th Rept. on N. Y. State Cab. of Nat. Hist, p. 55. Extr. pub- 
lished 1863. 

Body sub-hemispherical, rounded below, the basal plates making less 
than one-third the height of the calyx. First radial plates wider than 
high ; second radials broad and short, sub-pentagonal. 
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Arms comparatively long and slender, composed of a double series of 
plates, rising from the second radial in pairs ; again subdividing on the 
second supraradial in one division, and in the other divisions, on the 
third or fourth plate above, giving, as far as can be determined, four 
arms from each ray. 

Surface of plates obscurely marked by radiating lines of nodes. 

Column composed of alternating thicker and thinner joints. 

This species differs from P. contritus in having longer and more slender 
arms, and but four from each ray. The calyx also differs from that one 
in being nodose, at least on the radial plates ; also, the basal plates are 
smaller, and destitute of the projecting rim at their lower margins. 

In the separated basal portions, and in the first radial plates, this spe- 
cies bears some resemblance to P. eboraceus, of the Hamilton group of 
New York. 

Formation and locality: In shales of the Waverly sandstone group, at Richfield, 
Summit county, Ohio. 



Platycrinus Richfieldensis (n. sp.). 

Plate 11, fig. 1. 

Body broadly rounded; cup-shaped, approaching to hemispherical; 
very slightly truncate at the base for the reception of the column, and 
marked by a faint ring around the very small cicatrix. Basal plates form- 
ing about one-half the height of the calyx, and proportionally very large. 
First radial plates apparently wider than long, the exact proportions not 
fully determined, their upper margins slightly excavated for the support 
of the second radials, the scar extending not more than half the width 
of the plate and very shallow. Second radials small, obtusely wedge- 
form above; the lateral margins very short, and, in some of the rays, 
apparently forming an edge. Interradial plates not observed, but the 
species would indicate them as being of moderate size. 

Arms long, very slender, rising in pairs from the second radial, and 
bifurcating on the second supraradial, so far as determined ; above this 
bifurcation they are simple throughout, and gradually decrease in size, 
the extremities being only thread-like ; composed of a double series of 
obtusely wedge-form plates in the lower part, the sharp or narrow edges 
of which extend nearly across the arm ; in the upper part the arm plates 
are proportionally longer, and extend entirely across, but separating 
very slightly the two adjacent plates on the opposite side, making a 
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single range of plates, with their longer faces alternately on opposite 
sides. Thus in the upper part of the arm each alternate plate bears 
a tentacle, and in the lower part of the arm each plate on each side 
gives origin to tentacula. The tentacula are of moderate strength, rather 
short, but composed of proportionally very long plates, which are cari- 
nate on the back. The tentacula-bearing side of the arm plates is 
characterized by a strong, projecting, spur-like process, upon which the 
tentacula rest. 

The plates of the calyx are smooth to the naked eye, or under a lens of 
moderate power. The arm plates have the margin bordering the suture 
lines slightly elevated in the lower and middle portions of their length. 

Column small, round, composed of alternating larger and smaller 
plates, the outer edges of which are rounded. 

This species strongly resembles P. graphicus in many features ; but the 
arms are less strong, and arm plates different, the P. graphicus having 
two distinct ranges of equal plates interlocking on the back and each 
plate bearing tentacula, dividing on the second supraradial in one divi- 
sion and on the third in the other divisions of the ray; while these 
divide on the second supraradial in each division, so far as can be deter- 
mined from the specimen. 

There may be some little doubt of the true generic relations of this 
fossil, which can only be verified by the examination of more perfect 
specimens. The whole aspect and mode of growth is that of Dichocrinus ; 
but all the plates that are seen of the first radial range appear to be arm- 
bearing plates ; the divisions of the basal series can not be distinctly 
traced. 

Formation and locality : In the shales of the Waverly group, at Richfield, Summit 
county, Ohio. 

Platycrinus Lodensis (n. sp.). 

Plate 11, fig. 3. 

Body of moderate size, broadly pocilliform, the basal plates spreading 
horizontally to near their outer extremities, above which the radial 
plates appear but little expanded, with arm bases very strong in propor- 
tion to the size of the body. Basal plates low and broad, forming a low, 
pentangular, cup-shaped disc. First radials rather large; height and 
width, measured to the top of the lateral faces, about equal, the upper 
surface protruding in the center, and deeply excavated for the support of 
the somewhat broad, short, second radial plates, which are very broadly 
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or obtusely cuneate above, and support each two supraradials on each 
side, one above the other ; the upper of these is a bifurcating plate, and 
supports the first arm plates, one on each slope, giving four arms to each 
ray, arranged in even pairs. 

Arms of moderate length, proportionally strong, of nearly equal size 
throughout the entire length, full and rounded on the sides and back, 
composed of a double series of short, broad plates, interlocking at their 
inner edges along the middle of the outer side of the arm. Tentacula 
not discovered, but doubtless existed on each plate. 

Surface of the plates of the body apparently smooth or very finely 
granulose ; surface of arm plates finely granulose, the suture lines very 
faintly channeled. 

This species differs from P. graphicua in the form of the calyx, which 
is much broader below, and also in the strong, protruding arm bases. It 
belongs to the group of the genus represented by P. Wortheni and P. Shu- 
mardiana, but is specifically distinct from any we have seen, and differs 
from the two named in the absence of ornament on the calyx, in its 
greater height, and in the arm arrangement. 

Formation and locality: In the calcareous layers of the Cuyahoga shale, AVaverly 
group, at Lodi, Medina county, Ohio. Collection of Columbia College, New York. 

Genus FORBESIOCR1NUS, DeKoninck. 
FoRBESIOCRINUS COMMUNIS. 

Plate 12, figs. 3-5. 

Forbesiocrinus communis; 17th Kept, on N. Y. State Cab. of Nat. Hist., p. 55, 1864. 
Extr. published 1863. 

Body in the young state regularly turbinate, and becoming more 
spreading in older specimens. Basal plates sometimes appearing as a 
thicker projecting rim, more or less complete, at the summit of the col- 
umn ; sub-radial plates small, sub-triangular, the lateral edges scarcely 
truncate. Primary radials, four, wider than high ; secondary radials, 
from four to seven, varying in the different rays, smaller than the pri- 
mary radials, and in different proportionate strength in different indi- 
viduals. Each ray is usually three times divided, and rarely some one 
of the divisions again bifurcates, while in some individuals the third 
bifurcation is not complete. 

The interradial spaces in the older individuals are marked by the pres- 
ence of a single plate, while in the young specimens no distinct plate, 
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but only a granule, is visible. The first anal plate is small, with two or 
three granules above it. The patelloid plates of the rays, and their 
divisions, are distinctly visible throughout all parts of the body. 

The column, near its summit, is composed of the thin joints charac- 
teristic of species of this genus, with longer and irregular joints below, 
sometimes prominent in the middle, giving them an annulated char- 
acter. 

In this species we have the characters of the lower part of the body 
seen in some of the Carboniferous species of the age of the Keokuk lime- 
stone, at Crawfordsville, Indiana, where there are no interradial plates, 
and the anal area has but one distinct plate. In those species the rays 
are continued above the first bifurcation, throwing off lateral armlets, 
but not properly bifurcating. All the Carboniferous species, with regu- 
larly bifurcating arms, as in this one, have interradial areas, with 
numerous plates. This species, therefore, combines in part the charac- 
ters belonging to two Carboniferous types of the genus, but possesses 
neither of them fully. 

A specimen from the Chemung group, at Forestville, Chautauqua 
county, New York, exhibits all the characters shown by this species, so 
far as can be seen in a single individual, one side of which is imbedded 
in the rock. 

Formation and locality : In shales of the Waverly sandstone group, at Richfield, 
Summit county, Ohio. 

FORBESIOCRINTJS TARDUS. 
Plate 12, fig. 2. 

Forbeswcrinus lobatus, var. tardus; 17th Rept. on N. Y. State Cab. of Nat. Hist., p. 56, 
1864. Extr. published November, 1863. 

Body somewhat moderately expanding above the base, and deeply 
lobed. Basal and sub-radial plates undetermined, very small. Primary 
radials, three in each ray, so far as seen, the third one prominent, tumid 
or sub-nodose in the center. Secondary, or first supraradials, from three 
to five in each division ; above this the number of plates is very irreg- 
ular. 

Arms bifurcating two or three times above the the third supraradial, 
and rapidly diminishing in size. 

On the anal side a single narrow elongate plate is visible, the remain- 
der of the anal area undetermined. 

The plates of the body are very convex along the middle exteriorly, 
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and in the arms becoming angular on the back, the bifurcating plates 
being very tumid or nodose, and those of the upper part of the arms 
more prominent or sub-spinous. Upper margins of the plates of the 
body and rays deeply concave exteriorly. 

Surface apparently finely granulose. 

Column, near the body, of moderate size, round, and rapidly tapering 
below, composed of thin plates. 

A moderately well-preserved specimen of this crinoid shows no essen- 
tial or important difference from F. lobatus, of the Hamilton group of 
New York, described in the Fifteenth Report on the State Cabinet, page 
124. The divisions and subdivisions of the rays are precisely of the 
same character, and in the same order. The rays are sub-angular, and 
the third radial plate is more prominent than other parts of the ray, 
though from its weathered condition it is not so prominent. 

In the specimen under consideration the plates of the ray are not quite 
so deeply depressed in the middle as the original of F. lobatus, but this 
difference may be in part due to the greater pressure which this one has 
undergone. In the typical F. lobatus the interradial series consists of 
several plates, while in this one the character of these areas can not be 
determined. An examination of better specimens may prove the absence 
of these plates in the form under consideration, which would entitle it 
to a distinct specific rank; but in the presence of similar interradial 
areas we can see no reason for a specific separation of the specimens from 
the two localities. 

The difference in geological position is greater than we know in any 
other species of this family of fossils, the F. lobatus being from the upper 
part of the Hamilton group. At the same time we know several species 
of Lamellibranchiate fossils which extend from the Hamilton to the 
Waverly group. 

Formation and locality: In shales of the Waverly group, Richfield, Summit county, 
Ohio. 

FORBESIOCRINTJS ReLLOGGI. 

Plate 12, fig. 1. 

Forbesioerinm Kelloggi; 17th Rept. on N. Y. State Cab. of Nat. Hist., p. 56, 1864. Extr. 
published November, 1863. 

Body and arms somewhat robust ; body short. Basal plates barely vis- 
ible above the column; sub-radial plates small and triangular. The 
primary radial series consists of four plates in each ray, which diminish 
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from below upwards. The secondary radial series consists of five in each 
division between the firs*' and second bifurcations, while there are from 
six to eight plates in each division between the second and third bifur- 
cations. The antero-lateral interradial areas have one somewhat prom- 
inent plate of medium size, which rests upon two adjacent first radials, 
and lies between the second radial plates. The postero-lateral interra- 
dial spaces have a single smaller plate situated as in other spaces. The 
first anal plate is about as large as the larger interradial plate. No other 
plates have been determined above. 

The branches of the ray divide twice above the first bifurcation, and 
each bifurcating plate is strongly nodiferous, the node angular and 
transverse. The surface, of the ray, as far as the first division, is regu- 
larly convex, and the divisions become successively more angular upon 
the back. The surface of the plates is strongly striato-granulose. 

Column strong, composed near the body of very thin plates, and rap- 
idly.tapering below. 

In the structure of the body this species is most nearly allied to 
F. communis, differing in the nodose bifurcating plates and in the angu- 
lar divisions of the ray. 

Formation and locality: In shales of the Waverly sandstone group, at Richfield, 
Summit county, Ohio. 



Genus POTERIOCRINUS, Miller. 

PoTERIOCRINUS CRINEIXS. 
Plate 12, figs. 6, 7. 

Poteriocrinm crinem; 17th Rept. on N. Y. State Oab. of Nat. Hist., p. 56, 1864. Extr. 
published in 1863. 

Body turbinate, of medium size. Sub-radial plates of moderate size. 
First radials wider than high ; second radials shorter than the first, 
stongly wedge-form above, supporting an arm on each upper sloping 
side, making two arms to each ray. 

The anal area has apparently three plates attached to the calyx, while 
the upper part of the area is not visible in the specimens examined. 

Arms dividing on the tenth or twelfth plate from their origin, composed 
of a single series of plates, which are alternately longer and shorter on 
their opposite sides, bearing strong tentacula on the upper part of their 
longer side. 
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In the specimen figured, a single arm on the right postero- lateral ray- 
is subdivided a second time ; but, as the specimen is incomplete at the 
summit, it can not be determined whether any of the other arms bifur- 
cate. 

Surface smooth, or finely granulose, without distinct markings. 

Formation and locality : In shales of the Waverly sandstone group, at Richfield, 
Summit countv, Ohio. 



POTERIOCRINUS PLEIAS. 

Plate 12, fig. 8. 

Poterwcrinw pleias; 17th Rept. on the N. Y. State Cab. of Nat. Hist, p. 57, 1864. 
Extr. published in 1863. 

A species of small or medium size. Body somewhat broadly turbinate, 
more expanding in the upper part ; basal plates short ; sub-radial and 
radial plates comparatively short. Second radials about as wide as long, 
larger than the first radials, supporting on each upper sloping side an 
arm. Anal plates small and numerous, extending upwards into the pro- 
boscis. 

Arms composed of a single series of long, sub-cuneiform plates, which 
bear tentacula on their longer side. The arm is simple to the eighth 
plate ; above this unknown. 

Surface smooth, or finely granulose. Column sub-pentagonal, com- 
posed of alternating thicker and thinner plates. 

This resembles P. crineus, but is more slender in form and structure, 
and the arm joints are proportionally larger. 

Formation and locality: In shales of the Waverly group, at Richfield, Summit 
county, Ohio. 

POTERIOCRINUS (ScAPHIOCRINUS ?) CORYCIA. 

Plate 12, fig. 9. 

Poteriocrinus corycia ; 17th Rept. on N. Y. State Cab. of Nat. Hist., p. 57, 1864. Extr. 
published 1863. 

A species with a small, short, and somewhat broadly turbinate body. 
The basal plates are wider than high, pentangular. Sub-radial plates 
proportionally large ; first radial plates once and a half as wide as high ; 
second radial plates as high as wide, or higher than wide, on the antero- 
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lateral and postero-lateral rays; supporting on their upper sloping sides 
arms which bifurcate on the tenth plate above, with probably a second 
bifurcation above this one. The second radial of the anterior ray is 
twice as long as wide, truncate above, and supporting a single arm, 
which bifurcates on the fourth plate above, giving six plates in the ray 
below the bifurcation. Anal plates unknown. 
Surface somewhat strongly granulose. 

This species bears considerable general resemblance to P. cauliculus, of 
the Burlington limestone, but differs essentially in the structure of the 

arms. 

Formation and locality : In shales of the Waverly group, Eichfield, Summit county, 
Ohio. 

Sub genus SCAPHIOCRINUS. 

ScAPHIOCRINUS (PoTERrOCRINUS) JEGINA. 

Plate 12, figs. 11, 12. 

Scaphiocrirms (Poteriocrinus) xgina; 17th Rept. on the N. Y. State Cab. of Nat Hist., 
p. 57, 1864. Extr. published 1863. 

Body short, turbinate, or sub-hemispheric. Basal plates very short, 
triangular. Sub-radials about as wide as long, a little smaller than the 
first radial plates. Radial series consisting of three plates ; the first one 
large, wider than high, and a little projecting at the upper margin; 
second one short and wide, quadrangular, somewhat constricted in the 
middle. The third radials are obtusely wedge-form above and strongly 
constricted in the middle, and supporting a single arm on each upper 
sloping side. Plates of anal area large in the lower part; and gradually 
decreasing above. 

Arms simple throughout, composed of elongate, sub-cylindrical joints, 
which give origin to strong jointed tentacula from near the upper mar- 
gin of their longer sides. These arm plates are enlarged at the origin of 
the tentacula, which are alternate on the opposite sides of the arm, giv- 
ing it a tortuous direction. 

Column proportionally strong, sub-pentagonal, composed of alternating 
long and short joints, with still longer ones at irwegular intervals ; the 
longer joints are wider and sub-nodose on the periphery. 

Surface of plates granulose ; those of the body slightly convex. 

In general appearance this species resembles Poteriocrinus diffmus, of 
the Hamilton group, to which it is also closely related, but differs in 
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having a shorter and comparatively broader body and much shorter 
basal plates. In this species every arm joint bears tentacula, while in 
the Hamilton species the tentacula are only on every second or third 
joint. 

Above the horizon of the Poteriocrinus diffusus there are as much as one 
thousand feet of Genessee slate and Portage rocks, and one thousand 
feet of beds belonging to the Chemung group of New York, before reach- 
ing the horizon to which these fossiliferous beds in Ohio have been re- 
ferred. 

Formation and locality: In shales of the Waverly group, at Richfield, Summit, 
county, Ohio. 



Scaphiocrinus (Poteriocrinus) lyriope. 

Plate 12, fig. 10. 

Scaphiocrinus {Poteriocrinus) lyriope ; 17th Rept. on the N. Y. State Cab. of Nat. His., p. 
58, 1864. Extr. published 1863. 

Body small, sub-turbinate. Basal plates of moderate height, and 
much wider than long. Sub-radial plates about equal in height and 
breadth ; first radial plates about once and a half as wide as high ; sec- 
ond radlals much higher than wide, some of these twice as high as 
wide, strongly constricted on the sides, obtusely wedge-form above, and 
supporting an arm on each upper sloping face. 

Arms long and slender, composed of a single series of elongate, curv- 
ing plates, which are alternately longer and shorter on the opposite 
sides, and constricted in the middle. A single arm is seen to bifurcate 
on the tenth plate above its origin. The upper lateral angle of each 
arm plate is much thickened and expanded for the attachment of strong 
tentacular plates. The tentacula are composed of strong, elongate plates, 
which are distinctly grooved on the inner face ; the exterior surface lon- 
gitudinally striated. 

Surface of plates of the body and arms distinctly striato-granulose. 

Column near the body small, round, or very obtusely pentagonal, and 
composed of irregularly alternating longer and shorter plates. 

In general features this species resembles Poteriocrinus xgina, but is 
somewhat more delicate, and the calyx scarcely so spreading. The sec- 
ond radial is a bifurcating plate (instead of the third), and is much 
longer than the third plate in P. segina; the arms and tentacula are 
more slender; the arm plates not so prominent at the the junction of 
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the tentacles, and therefore not eo tortuous; the surface of body and 
arms is more distinctly striato-granulose, and the column more round, 
with plates not so unequal. 

Formation and locality: In shales of the Waverly group, Kichfield, Summit county, 
Ohio. 



SCAPHIOCKINUS SITBCARINATUS. 

Plate 12, figs. 13, 14. 

Scaphiocrinus subcarinatm; 17th Eept. on N. Y. State Cab. of Nat. Hist., p. 58, 1864. 
Extr. published 1863. 

Body small, sub-turbinate, with elongate, slender, branching arms. 
Basal plates very minute, triangular or sub-pentagonal; sub-radials 
small ; first radials wider than high ; sacond radials larger than the first, 
unequal in height, longer than wide, and strongly constricted in the 
middle, obtusely wedge-form above, and supporting an arm on each 
sloping face. 

Arms bifurcating on the sixth, eighth, or tenth plate, and sometimes 
on the fourteenth plate from their base, each of the divisions again 
bifurcating; arm plates supporting jointed angular tentacula. Anal 
plates unknown. 

Plates of the body angular in the middle, with short, angular ridges 
running from the center of the sub-radials to the basal plates, and also 
to the first radial plates. The second radials, as well as the arm plates, 
are longitudinally angulated or carinate along the middle. The carina- 
tion follows the enlargement of the arm joint towards the origin of the 
tentacula, giving a somewhat tortuous direction to the arm. Entire 
surface minutely granulose, or sometimes striato-granulose. 

Column round or obscurely pentangular, and composed of very unequal 
joints. 

This species closely resembles Scaphiocrinus carinatus, of the Burling- 
ton limestone, but differs in the bifurcation of the arms, and more essen- 
tially in having but two radial plates in the series, while that species 
has three. 

Formation and locality : In shales of the Waverly sandstone group, at Richfield, 
Summit county, Ohio. 
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SCAPHIOCRINTJS SUBTORTUOSUS. 

Plate 12, figs. 15, 16. 

Scapfriocrinm subtortuoms; 17th Rept. on the N. Y. State Cab. of Nat. Hist., p. 59, 1864. 
Extr. published 1863. 

Body small, cyathiform. Basal plates minute ; sub-radial plates about 
as long as wide. First radial plates nearly twice as wide as long ; sec- 
ond and third radial plates very short, but longer on the anterior ray, 
the third radials obtusely wedge-form above, and supporting tAvo arms, 
which bifurcate on the ninth and twelfth plates from their origin. No 
other bifurcations of the arms have been determined. First anal plate 
large, pentangular ; the others unknown. 

The plates of the body are very prominent in the middle, with strong 
angular ridges extending to the margins, and joining those of the adja- 
cent plates. Arm plates constricted in the middle, and longitudinally 
sub-angular. 

In the structure of the calyx, form and character of the plates, this 
resembles the S. tortuosus of the Burlington limestone, but in the arm 
structure, and the existence of three radial plates in the series, it more 
nearly resembles the S. carinatus of the same formation. 

Formation and locality: In shales of the Waverly group, at Richfield, Summit 
county, Ohio. 

Genus ZEACKINUS, Troost. 
Zeacrinus paternus. 

Plate 12, fig. 17. 

Zeacrinus paternus; 17th Rept. on the N. Y. State Cab. of Nat. Hist., p. 69, 1864. 
Extr. published 1863. 

Body small ; calyx depressed or broad cyathiform. Basal plates very 
small, concealed within the cavity of the column attachment. Sub- 
radials of moderate size, wider than high, their lower margins curving 
into the basal depression. First radials as wide again as high, concave 
on their upper margins ; second radials, in the antero-lateral and postero- 
lateral rays, sub-equal, or a little wider than high, obtusely wedge-form 
above, and supporting an arm on each sloping side ; each of these arms, 
in the antero-lateral ray, bifurcates on the eighth or tenth plate above 
its origin, and the outer branch again bifurcates, while the inner re- 
12 
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mains simple. The bifurcations of the postero-lateral rays have not 
been determined. 

In the anterior ray the second radial plate is truncate above, and sup- 
ports a single arm, which divides on the fifth plate above the second 
radial, or the seventh in the series, and again bifurcates on the tenth 
plate in one division, and on the twelfth plate in the other, above which 
it continues simple. Arms rounded on the back, composed of a single 
series of very short plates, much swollen at the bifurcations. Anal plates 
unknown. 

Surface of the plates nearly smooth, or with arching lamellose striae. 

Column small, round, composed near the body of thin, alternately 
larger and smaller, plates. 

This species closely resembles the Z. scoparius, of the Burlington lime- 
stone, in general features and in the bifurcation of the arms, but differs 
in having a more spreading calyx and a much greater proportional 
length of arms, with thicker arm plates, and not flattened on the back, 
as that species. The anterior ray also differs, that one having but two 
plates between the second radial and the first bifurcation. 

Formation and locality: In shales of the Waverly sandstone group, at Richfield, 
Summit county, Ohio. 



Zeacrinus MEROPE. 

Plate 12, fig. 18. 

Zeacrinus merope; 17th Rept. on N. T. State Cab. of Nat. Hist., p. 60, 1864. Extr. 
published 1863. 

Body small, very broadly turbinate, sub-pentangular above from the 
prominence of the second radial plates. Basal plates small, triangular ; 
sub-radial plates about equal in length and breadth. First radials 
nearly twice as wide as high ; second radials equal in height and width, 
constricted in the middle and angulated longitudinally, each one of them 
supporting a pair of arms which rise from the upper sloping sides of the 
plate. In the antero-lateral rays the arms bifurcate on the sixth and 
eighth plates from their base, the outer division again bifurcating on the 
tenth plate above the first division, and the inner division continuing 
simple throughout. In the anterior ray the second radial plate is trun- 
cate above ; and the second plate above this, or the fourth plate in the 
radial series, becomes a bifurcating plate, supporting two arms, which 
bifurcate oh the tenth plate above their origin. Anal plates small. 
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Arms composed of short, wide, equal sided plates, which are angular 
on the back. The surface of the arm plates is striato-granulose. 

The plates of the body are marked by indistinct radiating ridges, 
which show a tendency to become nodose. The second radial plates are 
strongly angular, and sub-carinate along the middle. 

Column near the body composed of thin, unequal plates, and shows a 
tendency to become sub-angular below. 

This species differs from Z. paternus in the turbinate form of the calyx, 
the angulated and sculptured surface of the body, and the sub-angular 
form of the arms. .In the anterior ray it differs in having the division 
of the arms take place on the fourth plate in the radial series, instead of 
the seventh. In this respect, and in the bifurcation of the antero-lateral 
and postero-lateral rays, this species corresponds precisely with Z. scopa- 
rius, but differs in the sub-carinate and carinate character of the plates 
of the body, which are ornamented by minute nodes, or nodose ridges, 
while the basal plates are a little more distinctly marked than in that. 

Formation and locality: In shales of the "Waverly group, at Eichfleld, Summit 
county, Ohio. 



DESCRIPTION 



CORALS OF THE SILURIAN AND DEVONIAN SYSTEMS. 



H. ALLEYNE NICHOLSON. 



To De. J. S. Newbeeby, State Geologist : 

Deae Sie: I have the honor to respectfully submit to you the following report on 
the Fossil Corals of the State of Ohio. In addition to the true Corals, I have in- 
cluded in this report descriptions of some of the more abundant and characteristic 
Polyzoa, as well as of a remarkable group of Silurian and Devonian Sponges, both of 
which come under the head of " Corals," commonly so called. 

As the specimens of various of the species of Corals are in a condition of preserva- 
tion which allows of nothing more than the mere determination of their occurrence 
in given formations, I have not always thought it necessary to give descriptions of 
these, especially when they are well known forms; but I have, on the contrary, 
thought it sufficient to merely note their presence. 

Many of the specimens, on the other hand, are unique in their exquisite condition 
of preservation. Some of the previously recorded forms exhibit characters not here- 
tofore observed, and there is a large number, comparatively speaking, of species 
altogether new to science. Of these I have in all cases given a full description, 
accompanied, where practicable, by illustrative figures. 

I desire, in this connection, to acknowledge the deep obligation under which I am 
to Mr. U. P. James, of Cincinnati, for the use of numerous rare and often unique 
specimens from his large and valuable collection of fossils from the Cincinnati rocks, 
as well as for the valuable information which he has afforded me on various points, 
which I should otherwise have found it difficult to elucidate. I am also greatly in- 
debted to Prof. Edward Orton, President of the Ohio Agricultural and Mechanical 
College, for the liberality with which he placed at my disposal many interesting 
specimens from his private collection, and for the cordial assistance which I have re- 
ceived from him in my inquiries. 

Finally, in justice to myself, I may state that I have had to contend with some ex- 
ceptional difficulties in the preparation of this report. I have not, namely, been 
always able to compare certain of the known species with typical examples of the 
same from other regions, and have, therefore, been compelled to decide as to their 
characters simply from the evidence actually in my possession. Secondly, I have 
found it impossible to obtain in this place certain of the memoirs upon this class of 
organisms, to which I would otherwise have gladly referred. In some instances, 
therefore, I have been unable to arrive at decisive conclusions on points which could 
otherwise have been decided without difficulty, and I have not always been in the 
position to give the necessary references, or to complete the synonymy with absolute 
fullness. 

I have the honor to remain, dear sir, 

Yours, very respectfully, 

H. Alleyne Nicholson. 

University College, Toronto, May 11, 1874. 



CORALS OF THE CINCINNATI GROUP. 



CGGLENTERATA. 

ACTINOZOA. 

Genus FAVOSITES, Lamarck, 181'!. 

(Hist, des An. Sans Vert., Vol. II., p. 204.) 

The genus Favosites comprises branched or massive corals, composed of 
numerous more or less polygonal corallites, the walls of which are not 
amalgamated with one another, and which have the visceral cavity par- 
titioned off by transverse diaphragms or " tabulae," which are sometimes 
more or less rudimentary. The walls of the corallites are perforated by 
one, two, three, or more rows of " mural pores," by which the separate 
corallites are placed in communication with one another. The septal 
system is entirely unrepresented, or is quite rudimentary, consisting at 
most of short spiniform projections or tubercles. 

The genus Favosites (including under this name Emmonosia, Edw. and 
H., and Astrocerium, Hall) has a vast development in the Upper Silurian 
and Devonian periods, but is comparatively poorly represented in Lower 
Silurian deposits. This arises in part # from the fact that the genus had 
at this early period undoubtedly not attained its full development, and 
in part from the difficulty which is often experienced in separating im- 
perfectly preserved examples of the genera Columnaria and Favistella 
from Favosites proper. So far as the Cincinnati group of Ohio is concerned, 
I have only seen two examples which I could refer with certainty to the 
genus Favosites, and in both of these it was not possible to arrive at an 
absolutely certain specific determination. 

Favosites Gothlandica, Lamarck (?). 

(For the synonymy of this species, see its description later on.) 

The determination of the different species of Favosites depends upon 
the diameter of the corallites, their general form, and their equality or 
inequality in point of size; the completeness or incompleteness of the 
tabulae, and the form of these structures and their number in a given 
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space ; the number of the rows of mural pores, and the position of these 
openings on the fiat surfaces or the angles of the corallites ; and in the 
presence or absence of rudimentary septa. Individual specimens rarely 
exhibit more than a few of these characters, and it is, therefore, often a 
matter of impossibility to determine with absolute accuracy to what 
species of Favosites a given example should be referred. Hence I am not 
prepared to assert positively that the specimen here referred to F. Goth- 
landica, Lam., really is of this nature, though it has all the external 
characters of this species. 

The specimen in question is a small, rounded, depressed-hemispheric 
mass, composed of sub-equal polygonal corallites, which have an average 
diameter of about one line. The walls of the corallites are thin, there 
are no traces of septa, and the characters of the tabulse and mural pores 
can not be determined. The specimen is beyond all question a true 
Favosites, and it may with the greatest probability be regarded as the 
young of F. GotMandica, with which it agrees in form and in its general 
proportions. 

Position and locality : Cincinnati group, Cincinnati, Ohio. 



Genus FAVISTELLA, Hall. 

(Pal. N. Y., Vol. I., p. 275, 1847.) 
Corallum aggregate, massive, hemispheric, pyriform, or sub-globose, 
composed of prismatic corallites, with compact imperforate walls, which 
are usually completely amalgamated with one another. Septa well de- 
veloped, lamellar, of unequal sizes, the primary ones extending nearly 
or quite to the center of the visceral chamber. No columella. Tabulse 
well developed and complete. 

This genus is more nearly allied to Columnaria than to Favosites; but 
it appears to be sufficiently distinct from both. From the latter of these 
genera, Favistella is distinguished by the absence of mural pores, the 
well-developed septal system, and in Favistella stellata, at any rate, the 
amalgamation of the walls of the corallites. On the other hand, whilst 
agreeing with Columnaria in the possession of imperforate walls and by 
distinct septa, Favistella is separated from the former genus, as usually 
understood, by the fact that the septa extend to, or near to, the center of 
the theca, instead of being comparatively rudimentary, the walls of the 
corallites being at the same time usually inseparably united with one 
another. Lastly, from Columnopora, Nich., the present genus is distin- 
guished by the absence of mural pores and the better developed septa. 
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It may be a question, however, as suggested by Milne Edwards and 
Haime, if the form described originally and carefully figured by Goldfuss 
under the name of Columnaria alveolata (Petref. Germ., pi. 24, fig. 7), be 
not truly an example of Favistella stellata, Hall — the specimens seen by 
Goldfuss being said to come from Seneca Lake, and being, therefore, 
probably derived from a traveled bowlder. The form now universally 
recognized as Columnaria alveolata, and so characteristic of the Trenton 
limestone, unquestionably has the septa rudimentary and marginal, in- 
stead of being well developed and reaching to the center of the corallites, 
as represented in the figures given by Goldfuss. In any case, however, 
Hall's genus Favistella may be advantageously retained for corals which 
resemble Columnaria, as now accepted, in most essential respects, but 
differ in the completeness of the septal system and the more thorough 
amalgamation of the walls of adjacent corallites. 

The only species of Favistella which appears to occur in the Silurian 
rocks of Ohio is F. stellata, Hall, which is likewise an abundant species 
in strata of a corresponding age (Hudson River group) in Canada. 



Favistella stellata, Hall. 

Favistella stellata, Hall ; Pal. N. Y., Vol. I., pi. 75, figs, la-lc. 
Corallum sub-hemispheric, or pyriform, massive ; corallites prismatic, 
usually hexagonal or pentagonal, from rather more than one line to two 
lines in diameter, completely amalgamated with one another by their 
walls, exeept occasionally towards the surface of the mass. Increase by 
fission of the old tubes. Septa unequally developed, alternately large 
and small ; large septa usually fifteen, sometimes fourteen, in number, 
reaching to the center of the visceral chamber, or nearly so ; small septa 
marginal and rudimentary. The total number of septa is, thus from 
twenty-eight to thirty. Tabulae well developed and complete, about, 
three in the space of one line. No columella. 

According to Hall, there are usually twelve septa, more or less, in this 
species; but in this enumeration he has evidently counted only the 
large septa and disregarded the small ones. The number of large septa, 
however, is usually fifteen, and the rudimentary secondary septa are 
placed alternately with the former, and are, therefore, the same in number. 
In this respect, all the specimens I have examined appear to agree. In the 
Hudson River group of Canada occurs a species of Favistella, which agrees 
in most respects with F. stellata, Hall, but which exhibits the peculiarity 
that in many examples the corallites are not amalgamated with one. 



186 PALEONTOLOGY OF OHIO. 

another. On the contrary, the corallites are more or less cylindrical, are 
disconnected, sometimes placed quite apart, and each provided with a 
separate epitheca, which is furnished with longitudinal stria? and longi- 
tudinal ridges. This may be a separate species, or may be only a variety 
of jP. stellata, but I have not yet had the opportunity of examining it 
sufficiently. 

i Milne Edwards and Haime, in their great work, not only unite the 
genera Favistella and Columnaria, but also regard F. stellata, Hall, as being 
identical with Columnaria alveolata, Gold. I have above expressed the 
opinion that C. alveolata, Gold., was originally founded upon examples of 
Favistella stellata, Hall ; and the latter name should in this case be un- 
doubtedly abandoned, according to the strict law of priority. In the 
meanwhile, however, the name of Columnaria alveolata has become by 
general consent firmly fixed upon a very well known and abundant coral 
from the Trenton limestone, which, in my opinion, is clearly distinct 
specifically from the coral described by Hall, from the younger deposits 
■of the Hudson Eiver group, under the name of Favistella stellata. Whilst, 
therefore, it may reasonably be doubted if Favistella is capable of being 
generically separated from Columnaria, it appears to me that the course 
which will cause the least confusion is to leave the coral now universally 
recognized by American palaeontologists as Columnaria alveolata under 
this name, retaining the Hudson River form as distinct, and leaving it 
.an open question whether the latter should be called Favistella steltata or 
Columnaria stellata. At the same time, as above stated, my own studies 
■ of these forms would lead me to think that Favistella, though undoubtedly 
very closely allied to Columnaria, may reasonably be regarded as distinct, 
.provided the specimens originally described by Goldfuss under the name 
• of C. alveolata be regarded as being erroneously referred to Columnaria. 
If this course should not be adopted, the only alternative will be to re- 
define the genus Columnaria of Goldfuss, so as to make it include Favis- 
tella stellata, Hall, and to form a new genus for the reception of the so- 
called Columnaria alveolata of the Trenton limestone and its allies. 

Position and locality : Hudson Eiver formation (Cincinnati group), Cincinnati, Ohio. 



Genus COLUMNOPOR k, Nicholson. 

(Geological Magazine, 1874.) 

Corallum aggregate, massive, composed of hexagonal corallites, which 
'have distinct walls, but are firmly and inseparably united with one 
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another. Septa well developed and close set, but short, and not nearly- 
reaching the center of the visceral chamber ; a row of large and closely 
approximated mural pores between each pair of septa; tabula? horizon- 
tal, not vesicular or infundibuliform, apparently imperfect, but probably 
in reality complete. Epitheca unknown. No ccenenchyma or colu- 
mella. 

I have founded this genus for the reception of a single coral from the 
Hudson River group of Ohio and Canada, which is intermediate in its 
characters between Favosites and Columnaria, resembling both of these 
genera in its general form, its prismatic, closely approximated corallites, 
and the absence of any ccenenchyma. Columnopora further resembles 
Favosites in possessing mural pores; but it is distinguished by having 
distinct and well developed septa, and by the fact that the mural pores 
are arranged in very numerous rows, and are of very large size, so that 
the walls of the corallites have a regularly cribriform aspect. With 
Columnaria, Goldf , as this genus is generally understood, Columnopora 
agrees in the possession of distinct septa ; but it is fundamentally dis- 
tinguished by the perforated walls of the corallites. With Favistella, 
Hall, the present genus agrees in form, in the possession of septa, and 
in the amalgamation of the walls of the corallites ; but it is separated 
by the presence of mural pores, and by the fact that the septa, though 
very distinct, are marginal, and do not nearly reach the center of the 
visceral chamber of the corallites. 



Columnopora cribrlformis, Nicholson. 

Plate 2, figs. 8, 86. 

Columnopora cribriformis, Nicholson ; Geol. Mag., 1874. - 

Corallites mostly hexagonal or pentagonal, averaging about one and a 
half lines in diameter, sometimes more or less. Septa in the form of 
strong vertical ridges, from twenty to twenty-four in number, equally de- 
veloped, never reaching the center, but only extending quite a small 
distance into the interior of the corallites. Between each pair of septa 
is a row of large, oval, or circular mural pores, so that there are from 
twenty to twenty-four rows of these openings on each corallite, generally 
four rows upon each face. .Not only are the rows very numerous, but the 
pores are extraordinarily large, and are placed close together, about three 
of them occupying the space of one line, measured either vertically or 
transversely. The intervals between the pores are extremely slender, 



188 PALAEONTOLOGY OP OHIO. 

and the walls of the corallites thus assume a completely cribriform ap- 
pearance, looking as if composed of a series of vertical pillars (the septa) 
united by horizontal crossbars. Tabulae, in the specimens observed, im- 
perfect ; from three to four in the space of one line. 

The examples of this species that have come under my notice form 
pyriform or sub-spherical masses, sometimes of considerable size. Super- 
ficially, they nearly resemble the coral which is generally recognized as 
Columnaria alveolata, both in the general form of the corallites and the 
dimensions and characters of the septa, but they are sufficiently distin- 
guished by the mural pores. Prom all the massive species of Favosites 
the present species is distinguished by the well marked septa, and the 
large size and great number of the pores. From Michelinia, again, O. crib- 
riformis is separated by not having vesicular tabulae, by the larger and 
more closely set mural pores, and by the better developed septal system. 

In all the specimens I have seen, the tabulae are incomplete, and noth- 
ing is left of them but their bases. This state of things, however, is 
quite common in examples of Favosites and Columnaria, and I entertain 
no doubt but that the tabulae of the present form were in reality com- 
plete and in all respects well developed. 

Position and locality: Cincinnati group, near Cincinnati, Ohio (collected by Mr. 
U. P. James) ; also in rocks of the same age (Hudson River group), River Credit, 
Canada. 

Genus CH^ETETES, Fischer, 1837. 

(Oryct. du Gt. de Moscow, p. 160.) 

The genera Chxtetes, Fischer, Stenopora, Londsdale, and Monticulipora, 
D'Orb., comprise a great number of highly characteristic Palaeozoic Corals, 
which agree with Favosites in possessing a corallum made up of prismatic 
or sub-cylindrical corallites, without septa, or with these structures in a 
rudimentary form, but with a well developed system of transverse dia- 
phragms or tabulae. From Favosites the above- mentioned three genera 
are readily distinguished by the absence of mural pores, but their sepa- 
ration from each other is a much more difficult matter. As originally 
defined by Fischer, the genus Chxtetes was separated from Favosites only 
by the supposed absence of tabulae in the former ; but Mr. Lonsdale, with 
his usual acumen, pointed out that the type species of the genus (<7. radi- 
ans, Fischer) was characterized by the amalgamation of the walls of con- 
tiguous corallites, a peculiarity depending upon their fissiporous mode of 
increase " by sub-divisions within the area of the parent tube." This 
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peculiarity is stated to be recognizable in practice by the fact that a 
rough fracture of the coral exposes the interior of the tubes, instead of 
bringing the exterior of the corallites into view, and it is remarkably 
well shown in the figures of 0. radians, given by Lonsdale. (Geology of 
Russia in Europe, Appendix, pi. A, fig. 9a.) Subsequent palaeontologists 
have for the most part accepted this distinction, and it was chiefly on 
account of this character that Mr. Lonsdale proposed the genus Steno- 
pora, and M. D'Orbigny that of Monticulipora, for corals in other respects 
essentially similar to the type forms of Chxtetes. I have elsewhere dis- 
cussed this question at greater length, and shall simply remark here that I 
find it impossible to accept this distinction in the meanwhile as separating 
the genera Chxtetes and Monticulipora, whilst the genus Stenopora, though 
very possibly to be retained for the forms originally placed under it, can 
not with propriety be held to include the corals generally referred to it 
by European palaeontologists. Apart from other grounds, it appears to 
me that this course is unavoidable, if only upon the ground that the dis- 
tinction by which it is sought to separate the genera Chxtetes and Monti- 
culipora is one which can only very rarely be applied in practice with 
any certainty. Many corals which would have to be referred to one or 
other of these genera are so minute as to render the determination of 
their mode of growth a matter of the utmost difficulty, if not an absolute 
impossibility, whilst the results yielded by fracture of the coral are by no 
means invariable, the same species splitting in such a manner as at one 
time to show the interior of the corallites, and at another time the ex- 
terior. In illustration of the difficulty which the best observers may 
find in determining the mode of growth of these corals, it may be men- 
tioned that the familiar Chxtetes petropolitanus, Pander, is stated by Lons- 
dale to divide fissiporously, and to be referable to the genus Chxtetes, as 
restricted by him. On the other hand, the very common coral which 
American palaeontologists have almost unanimously recognized as being 
Chxtetes petropolitanus, Pander, increases by gemmation, a rough fracture 
almost always exhibiting the exterior of the corallites, so that it would 
thus have to be placed in either Monticulipora or Stenopora. Hence it 
would appear that some more satisfactory distinction must be pointed 
out before we can with certainty separate the genera Chxtetes and Monti- 
culipora, since these are not supposed to differ in any character of im- 
portance except their mode of growth. 

The genus Stenopora, Lonsdale, has not uncommonly been quoted by 
American palaeontologists, but I have seen no specimens which could 
properly be referred to it. It is defined by Mr. Lonsdale as follows: " A 
ramose, spherical, or amorphous, tubular polypidom ; tubes polygonal or 
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cylindrical, radiated from a center or an imaginary axis, contracted at 
irregular distances, but in planes parallel to the surface of the specimen ; 
tubular mouths closed at final period of growth ; ridges bounding the 
mouths, granulated or tuberculated ; additional tubes interpolated." 
(Physical Description of New South Wales, Stryzelecki, p. 262, 1845.) I 
have already pointed out that the mode of growth is a character which 
can only occasionally be recognized in practice, and, at any rate, in this 
character Stenopora does not differ from Monticulipora. Leaving this out 
of the question, therefore, the distinctive characters of Stenopora are to 
be found in the granulated, tuberculated, or spinose mouths of the coral- 
lites, the final closure of the calices, and the constrictions of the coral- 
lites in planes parallel to the surface. Two or three species of Cheetetes, 
from the Palaeozoic deposits of North America, exhibits tuberculated or 
spinose margins to the calices, but none of them exhibit the other char- 
acters of Stenopora, and I have, therefore, come to the conclusion that 
none of our forms can be referred to this genus. 

For the reasons above given, then, I shall consider all the corals here 
referred to as belonging to the genus Cheetetes, irrespective of the fact that 
many of them have been formerly placed by eminent palaeontologists 
under the genus Monticulipora, and others of them have been put under 
Stenopora. The Lower Silurian deposits of Ohio have yielded a magnifi- 
cent series of corals of this nature— a series which is remarkable not 
only for the wide range of specific variation which it exhibits, but also 
for the vast abundance of individuals belonging to the commoner species, 
and the great beauty and perfection of their preservation in very many 
instances. From their small size, the characters which separate many 
of the species are necessarily minute and difficult of detection, except by 
the exercise of considerable care, and by the comparison of a number of 
specimens with one another. Some of the species hereafter described 
are very nearly allied to one another, and in other instances individual 
specimens may be found which seem to stand midway between two 
species, and can not readily or definitely be referred to either. This 
would give countenance to the belief that future researches might ulti- 
mately enable us to unite some of these so-called species under one or 
more highly variable specific types. Nevertheless, it seems clearly 
necessary, on behalf of the working palaeontologist, to give separate 
titles to these nearly allied forms, and the drawbacks which notoriously 
attend the placing of many varieties under a single species render it 
advisable, in practice, to make these titles of specific value. 

The different species of Chsetetes, in the wide sense here understood, 
may be conveniently, if not altogether in accordance with nature, 
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divided into the four following groups, a single species being apparently 
sometimes, though certainly very rarely, represented by examples belong- 
ing to two groups : 

A. Ramose Species. — Corallum ramose, or dendroid, the corallites 
springing in a radiating manner from an imaginary axis. The base 
rooted, the extremities of the branches rounded. Some of the forms of 
this group are slender ; others are more or less swollen and tumid ; and 
these latter appear to form a transition between the former and certain 
lobate examples, which may be variously regarded as the last term of 
the ramose group or the first term of the massive group. The species of 
Chastetes belonging to this section which I have recognized in the Silu- 
rian rocks of Ohio are G. Dalei, Edw. and H., G. rugoms, Edw. and H., 
C. approximates, Nich., 0. attritus, Nich., C. pulchellus, Edw. and H., G. 
Metcheri, Edw. and H., 0. gracilis, James, G. delicatulus, Nich., 0. nodu- 
losus, Nich., C. Jamesi, Nich., C. rhombica, Nich., G. sub-pulchellus, Nich., 
G. briareus, Nich., and Ghsetetes sigillarioides, Nich. 

B. Massive Species. — Corallum fixed or free ; the form very variable, 
most commonly concave convex or discoidal, hemispherical or nearly 
spherical, sometimes lobate or altogether irregular in shape. The typi- 
cal forms of this group have the under surface of the corallum covered 
by an epitheca, and as this surface is more or less deeply concave, such 
forms must have lived a free existence. Others are fixed to some foreign 
object, and the mode of existence of some examples is uncertain. I have 
recognized in the Silurian rocks of Ohio, as belonging to this section of 
Chostetes, the following species : 0. petropolitanus, Pander, G. discoideus, 
James, and G.filiasa, D'Orb. (?). 

C. Peondescent Species. — Corallum forming a flattened or undulated 
expansion, often sub-palmate or palmate, rooted at the base, but covered 
over the entire surface on both sides by the openings of the corallites. 
The corallum primitively consists of two layers of corallites, the bases 
of which are opposed to each other, and which are directed in opposite 
directions from a common calcareous membrane. In old examples, how- 
ever, additional strata of corallites may be superimposed upon the two 
primordial layers. In very rare instances the corallum becomes massive, 
apparently by the folding of the expansion and its reduplication upon 
itself, or by the production of successive layers of corallites. The Silu- 
rian strata of Ohio have yielded of this section G. mammulatus, Edw. 
and H., G.frondosus, D'Orb., and G. (?) clathratulus, James. 

D. Enceusting Species.— Corallum forming a thin crust, which con- 
sists primitively of a single layer of corallites, and which is parasitically 
attached to the shells of Brachiopods, Cephalopods, or other molluscs, or 
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to the exterior of other corals. This section of the genus is an exceed- 
ingly natural one, and there is no reason to suppose that there is any 
transition between it and any of the preceding groups. It is represented 
in the Silurian deposits of Ohio by 0. papillatus, McCoy, C. corticans, 
Nich., 0. Ortoni, Nich, C. Newberryi, Nich., and 0. petechialis, Nich. 



Ch^etetes Dalei, Edwards and Haime. 

Plate 21, figs. 1, la. 1 , 

Chsetetes Dalei, Edwards and Haime ; Pol. Foss. des Terr. Pal., p. 266, pi. 19, fig. 6. 
Mbnticulipora Dalei, Edwards and Haime ; Brit. Foss. Corals, p. 265, note. 

Corallum branching, the stems cylindrical or elliptical, dividing dicho- 
tomously at short intervals, sometimes reticulating, their average diam- 
eter when full grown from three to four lines, but when immature from 
one line to two lines. Calices in general six to eight in the space of one 
line, polygonal, with moderately thick walls. A greater or less number 
of exceedingly small calices always intercalated among the ordinary 
corallites. Surface covered with conical, often sharply pointed, rarely 
transversely elongated eminences or tubercles, which sometimes attain 
a height of more than half a line, and which are placed at distances 
apart of from half a line to nearly one line. Commonly these eminences 
are arranged in irregular diagonal lines, and they are always occupied 
by corallites which do not exceed the average in point of size. The sum- 
mits of the tubercles, indeed, are not unfrequently solid, or are occupied 
by corallites of less than the average size. 

The typical examples of this well marked and common species are 
distinguished by the prominence of the closely arranged surface-tuber- 
cles, which are exceedingly conspicuous, and are not drawn out into 
transverse ridges, whilst the normal or average corallites are separated 
by a great number of extraordinarily minute cylindrical corallites. The 
larger sized tubes are thus surrounded by from three to six or more of 
these intercalated tubuli, and they thus acquire a more or less circular 
form. In other examples, however, which approach Ohasteles approxima- 
tus, Nich., the tubercles are not so pronounced nor so sharply elevated; 
whilst the corallites only exhibit a few minute tubuli placed occasionally 
at their angles of junction. In both forms the branches are not uncom- 
monly hollow, and it is not very rare for a certain amount of anastomosis 
to take place between contiguous branches. 

Locality and position : Cincinnati group, Cincinnati, Ohio. 
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Ch^etetes rugosus, Edwards and Haime. 

Plate 21, fig. 2. 

Chtetetes rugosua, Edwards and Haime ; Pol. Foss. des Terr. Pal., p. 268, pi. 20, fig. 6. 
Monliculipora rugosa, Edwards and Haime, Brit. Foss. Corals, p. 265, note. 

Branches cylindrical or flattened, from two to three lines in diameter, 
dividing dichotomously at short intervals. Corallites polygonal or sub- 
circular, the average ones varying from six to eight in the space of one 
line, separated by many exceedingly minute interpolated cylindrical 
tubuli. Surface exhibiting numerous elevations, which have a height 
of from one-fourth to one-half line, and are transversely elongated, so as 
to constitute so many discontinuous transverse ridges. These ridges 
vary in length, but they do not extend quite round the stems, and they 
are usually sharp-edged, and placed about half a line apart. The coral- 
lites upon these ridges are not larger than those on the other parts of 
the coral. 

This species is in many respects most closely allied to 0. Dalei, and 
there is a considerable probability that a series of intermediate forms 
may ultimately be obtained by which the two species may be united. 
The present species is distinguished from the preceding chiefly by the 
elongation of the surface tubercles in a direction transverse to the long 
axis of the branches ; but in addition to this character there is here an 
even greater development of the system of minute tubuli between the 
ordinary corallites than is seen in C. Dalei. 

Locality and position : Cincinnati group, Cincinnati, Ohio. 

Chtetetes approximatus, Nicholson. 

Plate 21, fig. 3. 

Corallum composed of cylindrical stems, from one and a half to nearly 
three lines in diameter, dividing dichotomously at short intervals. Cor- 
allites tolerably thick-walled, oval, sub-circular, or polygonal in shape, 
from eight to ten in the space of one line, often with excessively minute 
corallites interspersed amongst them, though these are rarely as abun- 
dant as in the preceding forms, and may be nearly absent. Surface ex- 
hibiting a number of small conical or somewhat transversely elongated, 
eminences, which are very slightly elevated above the general surface. 
These eminences are placed in irregular diagonal rows, separate about, 
13 
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half a line transversely and two-thirds of a line measured vertically, 
and they are either solid at their summit, or carry a few excessively 
small cylindrical tubuli, with or without one or more of the ordinary 
corallites. 

This form is very readily distinguished from the typical examples of 
C. Dalei, Edw. and H., by the slightly smaller calices, the smaller num- 
ber of the intermediate tubuli, and the characters of the surface tubercles, 
which are not conical or prominent, and which are not covered with 
corallites of the ordinary size. Nevertheless, I do not feel sure- that 
C. approximatus can be regarded as more than a very distinct variety of 
C. Dalei, to which it is certainly closely allied, and to some forms of 
which it presents a very close resemblance. 

Locality and position: Cincinnati group, Cincinnati, Ohio. Collected by Mr. IT. P. 
James. 



Chjstetes attkitus, Nicholson. 

Plate 21, fig. 4. 

Corallum composed of sub-cylindrical branches, which divide at short 

"intervals, and have a diameter of from four to seven lines. Corallites 
with thin walls, sub-equal, polygonal, from eight to ten in the space of 

•one line. Some of the corallites are smaller than the others, but there 
is apparently a complete, or almost complete, absence of excessively 

; minute tubuli interspersed amongst the larger tubes.' Surface exhibit- 
ing numerous minute, solid, quadrangular, or conical eminences, placed 
at the point of junction of five or six corallites, and not carrying any 

• cells themselves. These singular prominences are usually closely set, 
four or five of them occupying the space of one line. 

This species is distinguished from all the preceding forms by its thin- 
walled corallites, the absence of very minute tubules intercalated 
amongst the ordinary corallites, and the minute, crowded, solid prom- 
inences with which the surface is studded. At first sight, I was disposed 
to think that its peculiar appearance might be due to weathering, and 
that it might really be referable to some other species. A close examin- 
ation of the specimens, however, has induced me to reject this view. 

Locality mid position: Cincinnati group, Cincinnati, Ohio. Collected by Mr. IT. P. 
. James. 
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Ch^tetes pulchellus, Edwards and Haime. 

Plate 21, figs. 5, 5a. 

Chsetetes pulehellvs, Edwards and Haime; Pol. Poss. des Terr. Pal., p. 271. 
Monticulipora pidchella, Ibid ; Brit. Foss. Corals, p. 267, pi. 62, fig. 5. 

Corallum very variable in form, usually of sub-cylindrical or com- 
pressed branches, which have a diameter of from two to six lines, some- 
times forming flattened, expanded, and sub-palmate stems, sometimes 
inosculating and reticulated. Corallites thin-walled, polygonal, unequal 
in size, the ordinary ones averaging about eight in the space of one line. 
Surface exhibiting rounded or somewhat stellate groups of large sized 
corallites, which are usually almost twice as large as the average, two or 
three occupying the space of half a line, and which sometimes have 
very minute cylindrical corallites interspersed between them. These 
groups of larger corallites generally comprise from five to seven or more 
individuals, and they are generally very slightly elevated above the gen- 
eral surface, so that any tuberosities which may exist are slight, rounded, 
and inconspicuous. Usually the groups of large corallites are placed at 
distances apart of about one line. 

The typical examples of C. pulchellus, E. and H., can be very readily 
recognized by the well marked groups of large sized corallites inter- 
spersed amongst those of average size, the groups often being slightly 
elevated above the general surface, but not occupying conspicuous 
tubercles. Moreover, the corallites are thin-walled, usually hexagonal, 
and rarely exhibiting any very minute intercalated tubuli. Never- 
theless, 0. pulchellus affords an excellent instance of the enormous diffi- 
culty which the observer has to encounter when he examines an exten- 
sive suite of specimens of these corals, and would endeavor to separate 
one form from others nearly allied to it. So great is this difficulty that 
it must be understood that no absolute assertion is made by me as to the 
real distinctness of some of the forms here described under distinct 
names. I have had the opportunity of examining very extensive col- 
lections of these corals, and have been enabled to separate certain ex- 
amples which present characters sufficiently distinct to be recognized 
without difficulty by the practiced observer, but I am far from asserting 
that still more extensive collections might not show a graduated series 
of intermediate forms uniting the several apparently distinct types with 
one another. As regards 0. pulchellus, at any rate, it is certain that, 
whilst type specimens of the species can be recognized without the 
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smallest difficulty, it is a matter of impossibility to determine, with the 
materials at present in our hands, what are the true limits of the species. 
Thus, specimens apparently belonging to 0. pulchellus may be picked out 
which approximate to C. approximate, Nich., and which thus tend 
towards the type of 0. Dalei, Edw. and H., since they possess tolerably 
distinct surface tubercles. Others approach C. Fletcheri, Edw. and EL, so 
nearly, that it becomes absolutely out of the question to draw a rigid line 
of demarkation between the two species, certain specimens being just as 
properly referred to the one as to the other. In this Way 0. pulchellus is 
brought into direct connection with C. gracilis, James, though typical 
examples of the two species could not be confounded with one another 
for a single instant. Again, the forms which I have here separated 
under the name of C. sub-pulchellus form an unmistakable transition be- 
tween C. pulchellus, in its proper form, and 0. mammulatus, Edw. and H., 
the latter belonging to the frondescent and laminated section of the 
genus. In spite, however, of the close relationships thus indicated, it 
seems in the meanwhile expedient to give separate titles to such forms 
as admit of ready identification, leaving it for future determination 
whether these forms are in reality entitled to rank as distinct species, or 
whether they may be merely different phases of one very variable species. 
Locality and position : Cincinnati group, Cincinnati, Ohio. 

Celetetes sub-pulchellus, Nicholson. 

Plate 21, figs. 6, 6a. 
Corallum branched, the branches usually hollow, always more or less 
compressed, and sometimes so much flattened as to become frondescent. 
Greatest diameter of the branches, from four lines to nearly an inch. 
The average corallites are circular or polygonal in form, with compara- 
tively thin walls, about eight in the space of one line, with or without 
a few very minute cylindrical tubuli interspersed amongst them. Interca- 
lated amongst the ordinary corallites are rounded or sub-stellate spaces, 
about one line in diameter, and placed nearly one line apart, which are 
occupied by tubes of two kinds. The exterior of each of these spaces is 
formed by a ring of corallites which are slightly larger than the aver- 
age, about six of them occupying one line. Inside this ring is a series 
of from twenty to forty excessively small cylindrical tubuli, forming a 
little cluster of pin-like punctures or perforations. The composite clus- 
ters of large and small corallites thus constituted are very slightly or 
not at all elevated above the general surface, and they melt away in- 
sensibly at their margins into the ordinary corallites. 
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This species is closely allied to C. pulchellus, Edw. and Haime, but ap- 
pears to be distinguished sufficiently from it by the flattened and com- 
pressed form of the branches, and the composite character of the hardly 
elevated tubercles, which do not consist throughout of large sized coral- 
lites, but have an external ring of large tubes surrounding an internal 
cluster of very minute tubuli. I have found these characters constant 
in a large number of individuals, and consider, therefore, that I am jus- 
tified in describing this form under a distinct title. 

The above description is founded upon specimens collected by Prof. 
Edward Orton and Mr. U. P. James, and kindly submitted to me for 
examination. 

Locality and position: Cincinnati group, Cincinnati, Ohio. 



Chletetes Fletcheri, Edwards and Haime. 

Plate 21, figs. 7, 7a. 

Calamopora spongites f var. Goldfuss, Petref. ; pi. 64, fig. 10 (in parte). 

Favosites spongites (pars) Lonsdale ; "8il. Syst., pi. 15 bis., figs. 9, 9a, 96 (cset. excl.). 

Chxtetes Fletcheri, Edw. and Haime ; Pol. Foss. des Terr. Pal., p. 271, 1851. 

Chxtetes lycoperdon, Hall (pars) ; Pal. N. Y., Vol. II., pi. 17, figs, lg-i (cset. excl.). 

Monticulipora Fletcheri, Edw. and Haime ; Brit. Foss. Corals, p. 267, pi. 62, figs. 3, 3a. 

Corallum ramose, branches cylindrical, or sub-cylindrical, dividing 
dichotomously at remote intervals, often irregularly swollen at short 
distances, from one and a half to three lines in diameter, not uncom- 
monly hollow. Corallites circular or oval, with comparatively thick 
walls, unequally sized, those of average dimensions being from eight to 
ten in the space of one line. Interspersed with the ordinary corallites 
are exceedingly minute cylindrical or polygonal tubuli, sometimes in 
small numbers, and at other times in great plenty. Surface smooth and 
entirely destitute of elevations or tubercles, but occasionally showing 
groups of corallites the size of which is very slightly larger than the 
average. 

The examples of C. Fletcheri, which I have examined from the Clinton 
group of Canada, agree entirely with the description given by Edwards 
and Haime, being smooth, and simply having very minute corallites in- 
tercalated amongst those of ordinary size. On the other hand, most of 
the examples of this species which I have seen from the Lower Silurian 
strata of Cincinnati, though also smooth, and also having minute tubules 
interspersed amongst the larger corallites, exhibit distinct groups of cor- 
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allites, which are of rather larger size than the average, but which are 
not set upon distinct elevations. They thus approach C. pulchellus, Edw. 
and H., from which they are distinguished chiefly by the fact that the 
corallites of the groups in question exceed the average corallites in point 
of size only very slightly, and not to such an extent as to constitute a 
conspicuous feature. Other specimens from the Cincinnati group, which 
are apparently referable to this species, do not exhibit any large sized 
corallites beyond an occasional individual'here and there, and these ex- 
amples have such a large number of minute tubuli surrounding the ordi- 
nary corallites that I was , at first disposed to consider them as a distinct 
species. In many respects, C. Fletcheri very nearly approaches 0. gracilis, 
James, but the latter species is usually branched at shorter intervals and 
at more acute angles, whilst the corallites are much more oblique to the 
surface, and the calices are on an average decidedly smaller. 

There appears to be no doubt but that C. Fletcheri is in part identical 
with C. lycoperdon, Hall ; but so many forms have been included under 
this name that it seems impossible to retain it for any one of them. 

Position and locality : Cincinnati group, Cincinnati, Ohio. 

Chjetetes gkacilis, James. 

Plate 21, figs. 8, 86. 

Chxtetes gracilis, James (named but not figured or described). Catalogue of the Fos- 
sils of the Cincinnati Group, 1871. 

Corallum dendroid, the branches solid or hollow, cylindrical or sub- 
cylindrical, dividing dichotomously at short intervals and at very acute 
angles (usually from 25° to 40°), from less than one line to two lines or 
more in diameter. Corallites very small, from ten to twelve in the space 
of one line, opening obliquely on the surface by oval or sub-triangular 
calices, the walls of which are separated by very distinct lines of demark- 
ation, and between which are placed more or fewer very minute tubuli. 
The surface shows no elevations or tubercles, but is entirely smooth, and 
altogether destitute of any groups of large-sized corallites The margins of 
the calices are sometimes finely granulated. This species may in general 
be distinguished by the oval, or rounded, thick- walled calices, and the mi- 
nute dimensions of the ordinary corallites, together with the marked 
obliquity of the corallites to the surface, and the very acute angle at 
which the stems bifurcate. These characters, together with the entire 
absence of any corallites of larger size than the average, sufficiently sep- 
arate G. gracilis from C Fletcheri, with which it is, however, very closely 
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allied. Prom C. delicatulus, Nich., with which it is also related, 0. gra- 
cilis is separated by the smaller obliquity of the corallites, and the pres- 
ence of minute interstitial tubes between the ordinary corallites. The 
above description is drawn from type specimens kindly furnished for 
examination by Mr. U. P. James. 

Locality and position : Cincinnati group, Cincinnati, Ohio. 



ClOSTETES DELICATULUS, Nicholson. 

Plate 21, figs. 9, 9a. 

Corallum very slender and delicate, ramose, of cylindrical stems, which 
terminate sometimes in thickened, rounded extremities, and which in 
some cases appear to spring from a horizontal foot-stalk. Stems some- 
times simple, more commonly branched, the divisions taking place 
dichotomously at acute angles. Diameter of the stems usually about 
half a line, sometimes a quarter of a line, rarely two-thirds of a line. 
Corallites very oblique to the surface of the coral, opening by oval aper- 
tures, the lengtn of which corresponds with the long axis of the stem 
and uniformly exceeds the breadth. Calices in diagonal rows, about 
eight in one line, measured longitudinally, and twelve to fourteen in the 
same space measured diagonally. The calices are all of equal size, and 
when perfect the lower lip is more or less thin and prominent. The 
surface is entirely devoid of monticules or elevations of any kind, and 
there are no very minute tubuli amongst the ordinary corallites. 

This is one of the commonest fossils of the Hudson River group, both 
in the United States and in Canada, and it is probably identical with 
one of the forms figured by Hall from the Trenton limestone under the 
name of 0. lycoperdon (Pal. N. Y., Vol. I., pi, 24, fig. Ik, (cast. excl.). 
Prom its very minute size, I am left in doubt as to the true position of 
this abundant little fossil. It is, I think, certainly a Chsetetes, and not a 
polyzoon allied to Helopora, Hall ; and it is most probably the form which 
has usually been quoted as a slender variety of Stenopora fibrosa, though 
its characters would in any case forbid its being retained in this posi- 
tion. It most closely resembles Chsetetes gracilis, James, of which it 
might be supposed to be only a small variety; but it is separated by not 
possessing any minute tubuli interspersed amongst the ordinary coral- 
lites, by the much greater obliquity of the tubes, by the greater thinness 
of the walls of the corallites, and by its uniformly slender habit and 
stunted growth. From C. Fletcheri, Edw. and Haime, it is at once dis- 



200 PALAEONTOLOGY OF OHIO. 

tinguished by the entire uniformity in the size of the corallites, and 
their much greater obliquity as regards either the surface or the imagin- 
ary axis of the stems. 

Locality and position : Abundant in the upper part of the Cincinnati group, Ohio. 



Ch^etetes nodulosus, Nicholson. 

Plate 21, figs. 10, 10a. 

Corallum minute, dendroid, of small cylindrical stems, which vary 
from two-thirds of a line to one line in diameter, and branch dichoto- 
mously at intervals of about two lines. The corallites are prismatic, or 
hexagonal, or sub-cylindrical, directed somewhat obliquely to the sur- 
face, of two sizes. Larger corallites opening by oval or sub-circular 
apertures, the long diameters of which correspond with the axis of the 
stem, from six to eight in the space of one line, measured vertically. 
The large sized corallites are surrounded in turn by exceedingly minute 
circular tubuli. Surface exhibiting numerous minute elevations or 
tubercles, which are sometimes conical, sometimes transversely elongated, 
and are placed at distances of about half a line apart, thus communicat- 
ing to the stems a characteristically nodulose appearance. 

This very distinct form is most closely allied to C. Dalei, Edw. and 
Haime, but is readily separated by its much more slender and graceful 
proportions, and the smaller size of the comparatively much more remote 
tubercles. One specimen, which would appear to be referable here, ex- 
hibits on transverse section about twelve distinct radiating septa meet- 
ing in the center of each of the corallites. All the examples possess 
tabulse, and are quite like the other forms of Chsetetes in their general 
characters; but if it should be shown by subsequent investigations that 
radiating septa are present in addition, the species will have to be re- 
moved from this conjunction and placed elsewhere. 

Locality and position : Cincinnati group, Clermont county, Ohio. 

Chsetetes Jamesi, Nicholson. 

Plate 21, figs. 11, 11a. 

Corallum of cylindrical or sub-cylindrical, usually hollow branches, the 
diameter of which is from three to five lines, or of lobate or sub- palmate 
masses, the extremities of which are rounded. Branches, in the ramose 
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examples, dividing dichotomously at varying intervals, irregularly thick- 
ened and nodulated. Corallites oval, circular or sub-polygonal in section, 
of unequal sizes. The larger corallites are about six in the space of one 
line, with extremely thick walls, the margins of the oval or rounded 
calices being generally obscurely tuberculated or granulated. The large 
corallites are occasionally separated by extremely minute cylindrical 
tubuli, which vary in number in different specimens or in different parts 
of the same specimen, their presence, however, usually being little con- 
spicuous. The surface exhibits no eminences or tubercles of any kind, 
nor are there any groups of large sized corallites ; but typical specimens 
exhibit at irregular intervals stellate spaces, which are either solid or 
minutely punctate, and which have a diameter of about two-thirds of a 
line. 

This species is very nearly allied to Chsetetes tumidus, Phillips, especially 
in the rounded and thickened corallites, separated by minute cylindrical 
tubules. Chsetetes Jamesi, however, is distinguished by the larger size and 
greater thickness of the ordinary corallites, by the smaller development 
of the system of minute intermediate tubuli, the obscurely tuberculated 
margins of the calices, and the general existence of stellate, solid or 
pitted, vacant spaces. The value of the last of these characters is dimin- 
ished by the fact that some specimens, in other respects the same, do not 
exhibit these spaces in a conspicuous manner. Even in the absence of 
these, however, the species can very readily be recognized by the extra- 
ordinary thickness of the walls of the corallites, in which respect it is 
not approached by any other form which occurs in the Lower Silurian 
rocks. 

I have named this species in honor of Mr. TJ. P. James, who has col- 
lected the organic remains of the Cincinnati group with the greatest per- 
severance and judgment, and who kindly furnished me with specimens 
for examination. 

Locality and position : Cincinnati group, Cincinnati, Ohio. 

CHiETETES EHOMBICUS, Nicholson. 

Plate 21, figs. 12, 12a. 

Corallum ramose, the stems hollow or solid, sub-cylindrical, from four 
to six lines in diameter, terminating in acutely pointed, or, at other 
times, in swollen and bulbous extremities. Corallites with very thin 
walls, about eight or ten in the space of one line, variable in form and 
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arrangement. In parts of the corallum the ealices are regularly hex- 
agonal, but over the greater portion of the surface they are obliquely 
rhombic, and are arranged in regular diagonal lines, the direction of 
which, however, changes repeatedly within short distances, giving to the 
corallum a most peculiar appearance. In any portion of the corallum in 
which this arrangement obtains, the ealices are arranged in a double 
series of curved or nearly straight diagonals, the one set crossing the 
branch transversely, whilst the other series is nearly vertical and corre- 
sponds more or less with the axis of the stem. The corallites are nearly 
equal in size, and there are no very minute tubuli interspersed amongst 
the average ones. Occasionally a few corallites occur which are slightly 
larger than the average, but the surface exhibits no tubercles nor any 
regular groups of large sized corallites. 

This species is related somewhat to Chastetes (Monticulipora) Bowerbanki, 
Edw. and Haime, but it differs in its simply ramose mode of growth, 
especially when young, and especially in the much smaller size of the 
corallites, which are only about half as large. 

Locality and position: Upper part of the Cincinnati group, Ohio. Collected by 
Mr. U. P. James. 

Ch^tetes beiaretjs, Nicholson. 

Plate 21, figs. 13, 136. 
Corallum free(?), commencing in a pointed base which does not show 
any indication of having been at any time attached to any foreign body. 
Above the base the corallum expands so as to form an inverted and 
somewhat compressed cone. From the top of this cone proceed in one 
specimen four cylindrical branches, which almost immediately divide 
each into two branches, thus giving rise to eight vertical, slender stems, 
which have a diameter of two lines each. The further course and final 
termination of these branches is not shown, as the specimen is unfor- 
tunately broken at this point. In another specimen the basal cone gives 
off only two branches from its summit. These bifurcate, and the branches 
thus produced bifurcate again, two of the tertiary branches inosculating 
directly above the basal cone. In this specimen, also, the branches are 
all broken just above their origin, and their terminations thus remain 
unknown. Surface smooth, destitute of tubercles, but showing here and 
there small and irregular groups of corallites, which are very slightly 
larger than the average. Corallites thick-walled, about eight or ten in 
the space of one line, entirely without intermediate minute tubuli. 
Calices oval or circular. 
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I have only seen two specimens of this interesting coral, both broken 
and imperfect as regards the terminations of the branches. In the best 
of these specimens the entire height, so far as preserved, is one inch and 
a half, of which the basal cone occupies nine lines. The width at the 
point where the branches come off is nine lines, and the thickness of the 
corallum at the same point is five lines. 

This singular form is so remarkable in its shape and mode of growth 
that I have no hesitation in separating it from all previously recorded 
species. At the same time its minute characters show no special pecu- 
liarity by which a mere fragment could be distinguished from C. pulchel- 
lus or C. Fletcheri, E. and H., if we except the fact that the corallites have 
walls of more than usual thickness when well preserved, whilst there is 
an entire absence of the minute intercalated tubuli so common in the 
above-mentioned species. The corallum in 0. briareus, judging from its 
sharply pointed and slightly curved base, would appear to have been 
free, but we have no means of settling this point with absolute certainty. 

The above description is drawn from specimens kindly submitted to 
me for examination by Mr. U. P. James, of Cincinnati. 

Position, and locality : Cincinnati group, near Cincinnati, Ohio. 



Ch^etetes sigillarioides, Nicholson. 

Plate 22, figs. 9, 9a. 

Corallum ramose, of small dichotomously dividing branches, the diam- 
eter of which is rather over one line. Calices regularly oval or sub-cir- 
cular, their longer diameter corresponding with that of the stems, 
arranged in diagonal lines, about six in one line, measured diagonally, 
and from four to five in the same space, measured vertically. Between 
the average calices are a few minute sub-cylindrical tubuli. In the cen- 
ter of each calice, as s, general rule, is a small, circular, secondary calice, 
about half the diameter of the main calice, and surrounded by a distinct 
wall, the general appearance of the calices thus somewhat resembling 
the markings of 0. Sigillario.. Walls of the corallites thin. Surface 
smooth, or with a few low, scattered, and irregular tuberosities, which in 
no way differ from the general surface, and always form a quite incon- 
spicuous feature. 

As a general rule, fragments of this species can be recognized with the 
greatest ease by the peculiar appearance due to the existence of small 
circular calices within the main calices. In parts of some of the speci- 
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mens, however, these secondary calices appear to be absent, and then the 
species is recognizable by its large, oval, thin- walled calices, arranged in 
diagonal rows, and separated by minute tubuli, its smooth surface, and 
its small dimensions. Whether the appearance of secondary calices is 
due to the formation of perforated diaphragms over the mouth of the 
tubes at their final period of. growth or not, I am not prepared to say. 

Position and locality : Cincinnati group, Cincinnati, Ohio. From the collection of 
Mr. U. P. James. 



Chxtetes petbopolitanus, Pander. 

Plate 21, figs. 14-146. 

Favosites petropolitanus, Pander; Euss. Eeiche, pi. I, figs. 6, 7, 10, 11 (1830). 

Calamopora fibrosa (pars), Goldf. ; Petrel, pi. 64, fig. 9. 

Favosites hemisphericus, St. Kutorga; Zweit. Beitr. zur Geogn. and Pateont, pi. 8, fig. 5, 

and pi. 9, fig. 3. 
Calamopora fibrosa, Eichwald ; Sil. Syst. in Esthl., p. 197. 

Favosites lycopodites, Lardner Vanuxem ; Geol. of New York, 3d Part, p. 46, fig. 3. 
Chxtetes petrpolitanus, Lonsdale, in Murch. Vern. and Keys; Euss. and Ural., Vol. I., 

p. 596. pi. A, fig. 10. 
Favosites petropolitana, McCoy ; Syn. of the Silur. Foss. of Ireland, p. 64, pi. 4, fig. 21. 
Chxtetes lycoperdon, Hall (pars) ; Pal. N. Y., Vol. I., p. 64, pi. 23, fig. 1, and pi. 24, 

figs, la-/; Vol. II., p. 40, pi. 17, figs. la-/. 
Chxtetes rugosus, Hall ; Pal. N. Y., Vol. I., pi. 24, fig. 2. 
Chxtetes petropolitanus, lycoperdon, and sub-fibrosus, D'Orbigny; Prodr. de Paleont., Vol. 

I., pp. 25 and 108. 
Chxtetes petropolitanus, Edwards and Haime, Pol. Foss. des Terr. Paleeoz., p. 263. 
Monticulipora petropolitana, Edwards and Haime, Brit. Foss. Corals, p. 264. 
Chxtetes petropolitanus ?, Meek and Worthen; Geology of Illinois, Vol. III., p. 304, pi. 

2, fig. 8 a, b. 

"Corallum in general free; its basal plate flat or concave, and com- 
pletely, covered with a thin concentrically wrinkled epitheca. Upper 
surface regularly convex, in general hemispherical, and presenting ob- 
- tuse tuberosities, about one line broad and varying very much in height. 
In some specimens these tubercles appear to have worn away, and their 
existence is indicated only by the presence of small groups of large 
calices, with thick walls; the calices are rather unequal in size, gener- 
ally polygonal, sometimes almost circular ; .the largest are about one- 
fifth of a line in diameter ; the walls are not perforated. The tabulae 
are horizontal, complete, and placed about one-twelfth of a line from 
each other. Some vestiges of septa are often visible. Young specimens 
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are flat and discoidal." (Milne Edwards and Haime, Brit. Foss. Corals, 
p. 265.) 

The Cincinnati group of Ohio, in common with the Trenton and Hud- 
son River formations elsewhere, yields a great many examples which 
correspond with the above description in all essential respects — some 
altogether so, others with more or less striking variations. In form this 
species is protean, being more or less discoidal when young, but being, in 
the adult condition, sub-spherical, spherical, sub-pyriform, lobate, mush- 
room-shaped, or not uncommonly resembling a cardinal's hat in figure. 
The surface is sometimes mammillated with obtusely rounded tubercles 
or elevations of variable height ; but quite commonly the surface is per- 
fectly smooth. Definite groups of large sized corallites are often pres- 
ent, but also can often not be recognized. In all the specimens I have 
examined the calices are polygonal or sub-polygonal, generally from 
eight to ten in one line, and without any very minute tubuli inter- 
spersed amongst them. 

The young' forms of C. petropolitanus have in their most typical condi- 
tion the form of circular discs, flat or concave below, and more or less 
strongly elevated and hemispheric above, a specimen six lines in diam- 
eter having a thickness in the center of three lines. 

Besides the typical free-living examples of this species, with a flat or 
concave base, and a concentrically wrinkled epitheca, the Cincinnati 
group yields a number of massive lobate examples, which may be re- 
garded as making an approach to C. pulchellus, E. and H., which they 
strongly resemble in the characters of the surface and the corallites. 

Lastly, we meet with a number of smaller or larger, nodulated, hemi- 
spherical, sub-spherical, or irregular masses, which agree with the typi- 
cal examples of this species in most respects, but of which some are cov- 
ered with corallites over their entire surface, whilst others are attached 
parasitically to foreign bodies, and have therefore no concave under sur- 
face. In the meanwhile, however, it does not seem advisable to separate 
these forms from 0. petropolitanus. 

I am disposed to think that Lichenalia concentrica, Hall, has been 
founded upon the epitheca of 0. petropolitanus, whish is often of sufficient 
tenuity to allow the bases of the corallites to be seen through it. 

Position and locality: Cincinnati group, Cincinnati, Ohio. 
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Chjetetes discoideus, James. 

Plate 21, figs. J5-15c. 

Chxtetes discoideus, James ; Catalogue of the Lower Silurian Fossils of the Cincinnati 
Group, 1871. (Named, but not figured or described.) 

Corallum free, discoid, sharp-edged, concavo-convex, from five to eight 
lines in diameter, and from one to nearly two lines in greatest thickness. 
Under surface concave, covered with a very thin epitheca, which but for 
one or two obscure concentric wrinkles is nearly smooth, and which is in 
general so delicate as to reveal clearly through its substance the bases of 
the superjacent corallites. Upper surface gently convex, not exhibiting 
any tubercles or elevations of any kind. Corallites sub-equal, the larger 
ones usually scattered irregularly amongst the smaller ones, and rarely 
aggregated into distinct groups. Calices with moderately thin walls, 
polygonal or sub -circular, from eight to ten in the space of one line. 
The ordinary corallites are not separated by any system of minute inter- 
mediate tubuli. 

I am not sure that C. discoideus, James, is distinct from the young of 
C. petropolitanus. It is, however, a common form, and is very constant in 
its dimensions. Apart from its discoidal, plano-convex shape, it is dis- 
tinguished by its great comparative thinness, and the resulting short- 
ness of the corallites, the sharp thin edges of the disc, the absence of 
surface tuberosites and of distinct groups of large-sized corallites, and 
the fact that the epitheca is not regularly striated in a concentric man- 
ner. Still less am I certain that C. discoideus can be kept separate from 
Chxtetes (Nebulipora) lens, McCoy, of which, however, I have not, un- 
fortunately, had the opportunity of examining an authentic specimen. 
In the meanwhile, therefore, I have allowed 0. discoideus to stand, 
chiefly upon the ground that 0. lens is stated by McCoy to exhibit con- 
spicuous and definite groups of large sized corallites (four or five coral- 
lites in the space of one line), whilst such groups are altogether want- 
ing or very imperfectly developed in the present species. 

Position and locality : Cincinnati group, Cincinnati, Ohio. Occurs, also, on the same 
horizon, at Weston, near Toronto, Canada West. 

Cjletetes filiasa, D'Orbigny ?. 

Monticulipora filiasa, D'Orbigny; Prodr. de Paleont, pi. 1, p. 25. 

Chxtetes filiasa, Edwards and Haime; Pol. Foss. des Terrs. Palseoz., p. 266. 

Corallum forming irregular masses, attached by their bases to some 
foreign object. Surface more or less convex, covered with small rounded 
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tubercles, which are occupied by corallites of the ordinary size or slightly 
larger. Corallites thin- walled, polygonal, about eight in the space of one 
line, without minute interstitial tubuli. 

I feel altogether uncertain as to the correctness of this determination, 
having seen only a single specimen, and that an imperfect one, which I 
could refer here. The specimen in question forms a mass about- three 
inches and a half in length and nearly an inch and a half thick, grow- 
ing upon Ambonychia radiata, Hall. It appears to me, however, that it 
is impossible to separate this species satisfactorily from G. petropolitanus, 
unless we are prepared to restrict this latter species entirely to forms 
which had the base covered with an epitheca, and had a free habit of 
existence. 

Position and locality : Cincinnati group, Cincinnati, Ohio. Collected by Mr. U. P. 
James. 

Ch^etetes mammtjlattjs, D'Orbigny. 

Monticulipora mammulata, D'Orbigny ; Prodr. de Paleont., 1850. 

Chsdetes mammvlatus, Edwards and Haime, Pol. Fobs, des Terr. Palaeoz., p. 267, pi. 19, 

flgl. 
Monticulipora mammulata, Edwards and Haime ; Brit. Foss. Corals, p. 265. 

Corallum forming irregular expansions of very considerable size, some- 
times palmate or lobate, carrying the polypes on both sides. Thickness 
of the corallum usually varying from two to four lines. Surface cov- 
ered with well-marked and prominent tuberosities, usually of a rounded 
or obtusely conical form, the elevation of which varies in different speci- 
mens. The tubercles are somewhat irregularly arranged, at intervals 
of one line to a line and a half apart, and they are covered with calices 
which are very slightly larger than the average, occasionally with some 
very minute tubes interspersed amongst them. The corallites are sub- 
equal, polygonal, with thin walls, from eight to ten in the space of one 
line. Very rarely one or two very minute calices may be detected at 
the angles of the average corallites. 

This species represents C. Dalei in the ramose series, but is distin- 
guished by its mode of growth and its less prominent tubercles. It is 
further distinguished by its small thin-walled polygonal corallites, the 
absence of exceedingly minute interstitial tubuli, and the fact that the 
tubercles are covered with calices, which in general are rather larger 
than the average. 

With a single well-marked exception, all the examples of this form 
which have as yet come under my notice are frondescent and lamellar, 
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and do not, therefore, exhibit the sub-massive mode of growth which is 
stated to be characteristic of this species. 

Position and locality : Cincinnati group, near Cincinnati, Ohio. From the collection 
of Mr. IT. P. James. 



Cbuetetes frondosus, D'Orbigny? 

Plate 22, figs. 1, 16. 

Monticulipora frondosa, D'Orbigny; Prodr. de Pal£ontologie, 1850. 

Chxtetes frondosus, Edwards and Haime; Pol. Foss. des Terr. Palaeoz., pi. 19, fig. 5. 

Monticulipora frondosa, Edwards and Haime, Brit. Foss. Corals, p. 265. 

Corallum forming erect, flattened, undulating expansions, polypiferous 
on both sides, of unknown but considerable height, and varying from 
less than one line to three lines in thickness. Calices sub-circular, from 
eight to ten in one line, almost or quite half their diameter apart, sepa- 
rated by numerous very small cylindrical tubuli, which render the 
spaces between the corallites minutely porous. Surface with stellate or 
sub-circular spaces, which may either not project at all, or may be ele- 
vated in the form of low, rounded tubercles, and which are occupied by 
minute tubuli similar to those which separate the ordinary tubuli. 
Often the corallites immediately surrounding these spaces are larger 
than the average, the tubercles being usually arranged in irregular 
diagonal lines, and placed at distances of about one line apart. 

I am not at all satisfied that the specimens from which the above de- 
scription is drawn are really referable to the form described by D'Orbigny 
under the name of Monticulipora frondosa; but not having at this 
moment access to this author's description, I provisionally describe our 
examples under this name. Should they prove to be distinct, the name 
of Ghwtetes Ohioensis might be applied to them. I am also uncertain 
whether some of the thinner expansions which I have here described 
along with the more robust forms, do not constitute part, at any rate, of 
the Chmtetes (Ptilodictya) pavonia of D'Orbigny. / 

This species represents C. sub-pulchellus, Nich., in the ramose series, 
but is distinguished from it not only by its frondescent mode of growth, ■ 
but also by the much greater development of the system of interstitial 
tubules which it exhibits, the tubuli in the latter being confined to the 
tubercular spaces, and not existing between the ordinary corallites. 

Many examples of this species appear to have attained a large size, 
and are now only to be found in a broken condition. Mr. U. P. James, 
however, has furnished me with a number of nearly perfect specimens, 
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which have the form of small, flattened fronds, about an inch or an inch 
and a half in height, and three-quarters 'of a line in thickness, which 
would appear to be probably young examples of this form. 
Position and locality : Cincinnati group, Cincinnati, Ohio. 

Chsetetes clathbatulus, James. 

Plate 22, figs. 2, 26. 

Stictopora clathratula, James ; Cat. of the Lower Sil. Foss. of the Cincinnati group, 
1871. (Named, but not figured or described.) 

Corallum forming a thin, undulating expansion, of unknown but con- 
siderable size, and from half a line, or less, to nearly a line and a half in 
thickness. The frond evidently grew in an erect position, as it consists 
of two layers of corallites which have their bases fixed to a common 
calcareous membrane, and open on opposite sides of the corallum. The 
corallites thus vary from less than a quarter of a line to over half a line 
in height, and they are slightly oblique to the surface and to the central 
lamina. The calices are somewhat oblique, the lower lip sometimes 
very slightly prominent, the walls moderately thick, for the most part 
altogether equal in size, about ten in the space of one line, arranged in 
very regular diagonal lines, which are disposed in two sets crossing the 
corallum from side to side and intersecting at acute angles. Surface, 
with low, rounded, and obscure elevations, arranged in diagonal rows, at 
intervals of from a line to a line and a half, and occupied by corallites 
which are either no larger, or but slightly larger, than the average. 
There is a total and entire absence of minute interstitial tubules between, 
the corallites. 

This beautiful fossil at first sight might be taken for one of the ex- 
planate Ptilodictyse, though clearly not of this nature. I have not how- 
ever, been able to satisfy myself as to its possession of tabulas, and am 
thus not altogether certain as to its generic affinities. In the form of 
the calices, however, and more especially in the presence of low tubercles 
it fully resembles Chsetetes, and I have little doubt as to its being prop- 
erly placed in this position. It is distinguished from the other frond- 
escent species of Chsetetes by the arrangement of the calices in regularly 
intersecting diagonal lines, by the fact that the tubercles are not only 
very low, but are not occupied by corallites which are conspicuously 
either larger or smaller than the average, and by the oomplete absence 
of small. tubes amongst the ordinary corallites. 

Position and locality: Cincinnati group, Cincinnati, Ohio. Collected by Mr. U. P. 
James. 

14 
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ChvETETEs papillatus, McCoy. 

Nebidipora papillata, McCoy ; Ann. and Mag. Nat. Hist., 2d series, Vol. VI., p. 284, 

1850; Brit. Pal. Foss., pi. lc, fig. 5. 
Chxtetes tubereulalus, Edwards and Haime ; Pol. Foss. des Terr. Pateoz., pi. 19, figs. 3, 3a. 
Monticulipora papillata, Edwards and Haime ; Brit. Foss. Corals, pi. 62, figs. 4, 4a. 

Corallum forming an exceedingly thin crust, usually about half a line 
thick, growing upon Brachiopods and other foreign objects. Surface ex- 
hibiting rounded tuberosities, sometimes very slightly elevated, placed 
about their own diameter apart, occupied by corallites of larger size than 
the average. Corallites polygonal, thin-walled, somewhat variable in 
size, but not having any very minute tubuli intercalated amongst them. 
The average corallites are from eight to ten in the space of one line, 
those occupying the tubercles being from five to six in one line. 

Our specimens agree well with the description given by McCoy of 
Nebidipora papillata, but they differ somewhat from that given by Ed- 
wards and Haime. Thus the tubercles in all the examples that I have 
.seen are rounded, not to any extent elongated or markedly compressed, 
,and the larger corallites occupying these eminences are decidedly smaller. 
'The tubercles are not uncommonly perforated by regular and large circu- 
lar perforations, which appear to be the mouths of vertical tubes, and 
have a diameter of about half a line. This same phenomenon is very 
■ conspicuous in many examples of C. mammulatus, C. petropolitanus, 
Cfrondosus, and other species of Chxtetes, and in many respects reminds 
,one of the perforations produced by Oliona. I am not, however, prepared 
to assert that this is their true nature. 

In its general characters C. papillatus, McCoy, approaches O. mammula- 
>tus, D'Orb.; but it is readily distinguished by its forming very thin 
crusts, which are attached parasitically to the outside of submarine 
.bodies. It is easily distinguished from C. corticans, Nich., by the very 
long, narrow tubercles which characterize the latter. 

.Position and locality : Cincinnati group, Cincinnati, Ohio. 



ChvEtetes corticans, Nicholson. 

Plate 22, figs. 6, 6a. 

Corallum parasitic, forming a thin and expanded crust, less than one 
•quarter of a line thick, or when in superposed layers attaining a thick- 
ness of half a line. Surface exhibiting a number of long, narrow, com- 
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pressed tubercles, which are all drawn out in one direction, and which 
are occupied on their sides by the ordinary corallites, though sometimes 
more or less compact at their summits. The long diameter of these 
tubercles varies from two-thirds of a line to two lines, their width not 
exceeding half a line, and their height being variable (usually equal to 
the width). They are arranged in tolerably regular diagonal lines, from 
half a line to two-thirds of a line apart. The corallites are thin-walled, 
polygonal, sub-equal, from eight to ten in the space of one line, appar- 
ently alogether without any intermediate tubuli. There are also no 
groups of large sized corallites. 

This very distinct species is related to O. papillatus, McCoy; but is 
sufficiently separated by the long, narrow tubercles, which do not carry 
large sized corallites. All the specimens which I have seen are in the 
form of thin and extended crusts, growing parasitically upon the exte- 
rior of Orthocerata. In some examples, the tubercles are depressed (prob- 
ably from attrition), and appear to be nearly solid, but they are more 
commonly strongly elevated, and carry corallites of the ordinary dimen- 
sions on theirsides. 

Position and locality : Cincinnati group, Cincinnati, Ohio. Collected by Mr. U. P. 
James. 

Ch^tetes Ortoni, Nicholson. 

Plate 22, figs. 3, 36. 

Corallum forming exceedingly thin crusts, not more than from one- 
sixth to one-eighth of a line in thickness, growing parasitically upon 
foreign objects. Crusts usually forming a circular expansion, half an 
inch or more in diameter, sometimes irregular and indefinite in outline. 
Surface exhibiting numerous minute rounded or conical eminences, 
placed at distances apart of half a line, less or more. Tubercles usually 
more or less compact at their summits, carrying on their sides corallites 
which are little or not at all larger than the average. Corallites some- 
what oblique to the surface, moderately thick-walled, sub-equal, without 
any intercalated very minute tubuli. Calices small, sub-polygonal, from 
ten to twelve in the space of one line, their margins thick and sur- 
mounted by very minute and crowded miliary tubercles, which are 
rounded and not spinous, and are placed almost in contact with one 
another. 

In external appearance, this species, but for its excessive tenuity, and 
the close-set, pointed and conical tubercles, might be taken as the young 
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of 0. papillatus, McCoy; but under a sufficient magnifying power it is 
readily distinguished by the fine and close tuberculation of the margins 
of the comparatively minute calices, which gives to the surface an alto- 
gether characteristic appearance. All the specimens which' I have seen 
of this singular form are parasitic upon the valves of Strophomena alter- 
nates, Conrad, and I am informed by Mr. U. P. James that it rarely or 
never occurs in any other situation. I have named the species in honor 
of my friend Prof. Edward Orton, from whom I first received specimens. 

Position and locality: Cincinnati group, Cincinnati, Ohio. 



Cbletetes Newbeeeyi, , Mcholson. 

Plate 22, figs. 4, 4a. 

Corallum forming a thin, nearly circular or semi-circular expansion, 
about one-third of a line in thickness, and from ten lines to an inch or 
more in diameter, and apparently growing parasitically upon submarine 
objects. Surface almost wholly destitute of elevations and never exhib- 
iting distinct tubercles, but presenting well-marked and conspicuous 
groups of large sized corallites, which are placed from one line to a line 
and a half apart, and can hardly be said to be raised at all above the gen- 
eral surface. Calices more or less polygonal or sub-quadrate, with re- 
markably thin walls, often arranged in tolerably regular diagonal lines, 
never exhibiting any minute interstitial tubuli. The ordinary calices 
are about eight in the space of one line, the larger sized ones, occupying 
the definite groups, about six to one line; and from the thinness of the 
walls both appear to be unusually large. Thp margins of the calices are 
not tuberculated or granulated, and the corallites are perpendicular to 
the surface. 

The distinctness of this species is unquestionable; but I have not 
been able to satisfy myself that it is attached parasitically to foreign 
bodies. From the fact that the expansions in some instances have the 
shape of Strophomena altemata, and from the great tenuity of the coral- 
lum when broken across, I should conclude that it must certainly be an 
incrusting species ; but I have not yet seen a specimen in which I could 
demonstrate the existence of any foreign body beneath the crust. If not 
incrusting, it must have been free, and have been provided with an 
epitheca below ; but this seems very unlikely. 

Apart from its mode of growth, 0. Newberryi may be said to represent 
C. pulchellus, Edw. and H., which it resembles in its smooth surface and 
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the possession of very well-marked and conspicuous groups of large sized 
corallites. It differs from this latter species, however, in its never pos- 
sessing minute interstitial tubuli, so far as I have seen, and in the ap- 
parently very large size of the calices produced by the extraordinary 
thinness of the walls. From such free forms as C. petropolitanus and C. 
discoideus, it is distinguished by its extreme thinness as compared with 
its breadth, as well as by the large size of the corallites. 

The above description is drawn from specimens obligingly furnished 
me by Mr. U. P. James, and I have named the species in honor of Pro- 
fessor Newberry, one of the most distinguished of palseontological ob- 
servers and writers. 

Locality and position : Cincinnati group, Cincinnati, Ohio. 

Ch^etetes petechialis, Nicholson. 

Plate 22, figs. 5, 5a. 
Corallum incrusting, forming small circular patches, from less than 
half a line to a line and a half in diameter, attached by their bases para- 
sitically to some foreign body, and more or less strongly convex above. 
The surface is usually smooth, but not uncommonly exhibits a single 
central elevation or tubercle. The calices are sub-circular and sub-equal, 
with moderately thick walls, their margins not tuberculated or granu- 
lated, entirely without minute interstitial tubuli, their size very small, 
from fourteen to sixteen occupying the space of one line. The corallites 
in the center of the mass are nearly perpendicular, but they become 
more or less oblique toward the margins. 

It is possible that this may be a young form of some other incrusting 
species, such as 0. papillatus, McCoy; but I do not think this is the case. 
At any rate, in the absence of any specimens by which this could be 
connected directly with any other known form, I have thought it best 
to place it under a separate title, since it is not only common in its oc- 
currence, but is also very constant in its size and other characters. It 
is distinguished by its forming very minute, circular, and convex 
patches, by the absence of interstitial tubules, and by the extremely 
small size jf the calices. All the examples which I have seen are at- 
tached parasitically to the exterior of Strophomena alternata and different 
species of Chmtetes, and in general many colonies are found attached to 
the same object. I am indebted for the specimens from which the above 
description is drawn to the kindness of Mr. U. P. James. 

Position and locality : Cincinnati group, Cincinnati, Ohio. 
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Genus CONSTELLARIA, Dana. 

(Zooph., p. 537, 1846.) 

Stellipora, Hall ; Pal. N. Y., Vol. I., p. 79, 1847. 

Corallum compound, composed of numerous cylindrical corallites, 
which radiate in all directions from an imaginary central plane or axis, 
and which are more or less conspicuously separated by very minute in- 
tervening tubuli. Septa absent. Tubulse well developed. No mural 
pores. Surface exhibiting numerous star-like spaces, which consist of a 
central, depressed, solid, or minutely tubular area, surrounded by a num- 
ber of prominent elevated ridges, which are radiately arranged, and 
carry the ordinary corallites. 

No doubt can be entertained as to the propriety of the removal of Con- 
stellaria from the Polyzoa, and its reference to the true corals. It is not, 
however, altogether certain if the genus can be properly placed in the 
Favositidm, in the immediate neighborhood of QJwetetes, as has usually been 
done. In many respects, Constellaria presents a very striking resemblance 
to the frondescent forms of Chsetetes, but there would also be good ground 
for referring the genus to the Milleporidw and placing it near Fistulipora, 
McCoy. 

Constellaria antheloidea, Hall. 

Stellipora antheloidea, Hall; Pal. N. Y, Vol. I., pi. 26, figs. 10a, 10c. 
Stellipora antheloidea, D'Orbigny; Prod., 1850. 

Constellaria antheloidea, Milne Edwards and Haime; Pol. Foss. des Terr. Palseoz., pi. 
20, fig. 7. 

Corallum composed of palmate or sub-palmate expanded fronds, or 
flattened stems, which must have grown in an erect position, attaining 
a height of two inches or more, and having a thickness of from one and 
a half to two lines. Surface polypiferous on all sides, the corallites cyl- 
indrical, and radiating in all directions from an imaginary central plane 
or axis. Scattered over the entire surface are numerous conspicuous, 
more or less prominent stars, each of which has a diameter of one line 
or a little less, and is composed of a central, sometimes depressed, smooth 
area, and of generally from six to eight prominently elevated ridges, 
which radiate from the central space, and occasionally have < mailer rays 
intercalated between them. The stars are usually circular in shape, 
sometimes elongated or elliptical, and generally arranged in irregular 
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oblique or transverse rows, two stars usually occupying a space of two 
lines and a half. The central area of each star is very minutely pitted 
or porous, being apparently composed of very minute tubuli, but appears 
to be solid unless examined with a sufficiently high magnifying power. 
The elevated rays of the stars, and all the comparatively depressed por- 
tions of the surface between the stars, are covered with small circular 
calices, of which ten or twelve occupy the space of one line. The calices 
are sometimes in contact, but they are more usually separated from one 
another by half their own width or more. The spaces between the 
calices appear to be sometimes solid, but they are more commonly 
minutely tubular, this latter condition almost certainly representing the 
true structure of the coral. The coralites exhibit no traces of septa, but 
well developed though delicate tabulae. 

On the one hand, O. antheloidea has close affinities with Chxtetes frondo- 
sus, D'Orb., from which it differs in little that is essential, save the pecu- 
liar star-like elevations of the surface. On the other hand, as already 
pointed out, this species approximates closely to Fistulipora, and if it 
could be proved that the minute interstitial tubuli were ccenenchymal, 
instead of being aborted corallites, then this approximation would be 
converted into a true generic affinity. In the third place, there is a de- 
cided resemblance between this form and such species of Callopora as 
C. incrassata, Nich., in which there are star-like spaces occupied by ex- 
ceedingly minute tubes, but these spaces have no radiating ridges sur- 
rounding them. 

Position and locality : Cincinnati group, Cincinnati, Ohio. 



CONSTELLARIA POLYSTOMELLA., Nicholson. 

Plate 22, figs. 7, 7a. 

Corallum in all essential points of structure resembling the preceding, 
consisting of erect, flattened, palmate expansions, the thickness of which 
is from two to three lines. Surface covered with very prominent stars, 
formed of a series of elevated ridges radiating from a central depressed 
area, and surrounded by depressed interspaces. Each star is usually 
composed of from eight to as many as thirteen elevated ridges, some of 
which are smaller than the others. The ridge-like elevated rays are 
occupied by comparatively large sized circular calices, which are also 
present, though not so closely set, in the interspaces between the stars. 
The central areas of the stars are occupied by innumerable excessively 
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minute circular pores, which appear to be the openings of coenenchymal 
tubuli, and similar pores exist every where between the corallites which 
are placed in the intervals between the different stars. Each star is (in 
the best preserved portions of the coral) circumscribed and separated 
from the adjacent stars by a distinct hexagonal border, which has no 
great width, and is occupied solely by the coenenchymal tubuli, and not 
by the ordinary corallites. 

Though undoubtedly closely allied to Constellaria ant/wloidea, Hall, it 
seems to me that 0. polystomella is sufficiently distinguished by the fact 
that the different stars are definitely bounded in the latter and appear 
to occupy definite polygonal areas, whilst in the former no line of de- 
markation can be detected between the different stars other than that 
afforded by the outer terminations of the elevated ridges. In addition 
to this character, however, the present species would seem to be distin- 
guished by its very prominent stars, by the large number of rays which 
are generally present in each individual star, and by the conspicuous 
presence, both in the central areas of the stars and also in the interspaces 
between the different corallites elsewhere, of very numerous and very 
minute cylindrical tubuli, which can hardly be regarded as other than 
coenenchymal. 

The only example of this species that I have seen was collected by 
Mr. U. P. James, of Cincinnati. 

Position and locality : Pare in the Cincinnati group, Cincinnati, Ohio. 



Genus AITLOPORA, Goldfuss, 1826. 
(Petref. Germ., p. 32.) 

Atjlopora aeachnoidea, Hall. 

Plate 23, figs. 1, 16. 

Aulopora arachnoidea, Hall ; Pal. N. Y., Vol. I., p. 76, pi. 26, figs. 6a, 6c. 

Corallum very slender and delicate, attached to the surface of foreign 
bodies, repeatedly branching, and, in many examples, anastomosing to 
form a close net-work. The branches are usually given off at intervals 
of from one-third to two-thirds of a line, and are linear and very narrow. 
The corallites have much the characters of the uniserial forms of Alecto, 
being arranged in single lines, and opening in the axis of the branches. 
The terminal portion of the corallite is elevated above the general sur- 
face, and the calices are circular and not expanded. About four or five 
calices occupy the space of one line. 
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Some examples of this species are branched with tolerable regularity, 
as in the specimen figured ; but others form very confused and closely 
interlaced reticulations. No positive or absolutely definite characters 
can be stated which would lead to the reference of this fossil to Aulopora 
rather than to Alecto. Nevertheless, the general aspect of the fossil is 
such that it can almost positively be placed in the former genus. The 
forms to which it presents the nearest resemblance are A. filiformis, Bil- 
lings, and A. (?) Canadensis, Nich., both of which are Devonian; but it 
is readily distinguished from these, and by no character more conspic- 
uously than by the fact that the corallites open in the axis of the 
branches, instead of forming an angle with the main stem. "With a little 
care, there is also no great difficulty in separating it from Alecto aulopo- 
roides, Nich., to which it bears a considerable superficial resemblance. 

The examples of Aulopora arachnoidea described by Hall are from the 
Trenton limestone, but our examples are from the horizon of the Hudson 
Kiver group. The specimens which I have seen are attached to the ex- 
terior of different ramose species of Chsetetes. 

Position and locality : Cincinnati group, Cincinnati, Ohio. From the collections of 
Mr. U. P. James and Prof. Edward Orton. 



Genus STREPTELASMA, Hall, 1847. 

(Pal. N. Y., Vol. I., p. 17.) 

Corallum simple, turbinate, free ; epitheca well developed ; septa well 
developed, more or less twisted and united with one another towards the 
center of the visceral chamber, where they sometimes form a species of 
vesicular tissue. No columella, nor any dissepiments. Tabulse remote, 
irregular, and poorly developed. A single septal fossette. 

This genus stands in a somewhat dubious position ; but I see at pres- 
ent no option but to retain it, if 8. corniculum is to be taken as the type 
of the genus. The badly characterized genus Petraia, Munst., is stated to 
possess no tabulae ; otherwise Streptelasma would certainly have to be re- 
garded as a synonym of this, as has already been done by McCoy and 
Billings. On the other hand, Milne Edwards and Haime (Brit. Poss. 
Corals, Introduction, p. 68) state that Streptelasma is separated from Gy- 
athophyllum by the fact that the wall is " destitute of an epitheca and 
covered by sub-lamellar costse." This I do not comprehend, as the many 
specimens of S. corniculum which have come under my notice have the 
epitheca remarkably well developed, except when they have been much 
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weathered. Lastly, from Cyathophyllum proper Streptelasma is distin- 
guished chiefly, or solely, by the total absence of dissepiments and the 
comparatively rudimentar y condition of the tabula;. 



Streptelasma cornicitlum, Hall. 

Streptelasma arrnwulum, Hall ; Pal. TSf. Y., Vol. I., pi. 25, figs, la, le. 

Streptelasma crassa, Ibid. ; pi. 25, figs. 2a, 2c. 

Streptelasma multilamellosa, Ibid, ; pi. 25, figs. 3a, 3c. 

Streptelasma parvula, Ibid. ; pi. 25, figs. 4, 4c. 

Streptelasma mrniculum, Edwards and Haime ; Pol. Foss. des Terr. Palseoz., pi. 7, fig. 4. 

Corallum conical, .slightly curved, or nearly straight, averaging from 
one to four inches in length, and from ten lines to an inch and a half in 
diameter. Septa numerous, from ninety to one hundred and sixty in 
number, alternately large and small. The small septa rarely extend 
much beyond the margin ; but the large ones extend to the center, in 
approaching which they become more or less twisted, and unite with 
one another, sometimes giving rise to a central mass of vesicular tissue. 
Calice moderately deep. Septa very thick, and often appearing as if 
composed of two lamellae. Tabulae remote and irregular, sometimes 
elevated towards the center of the visceral chamber. No dissepiments. 
A single septal fossette, usually placed on the curved side of the coral. 
Epitheca exhibiting longitudinal ridges corresponding with the septa 
within ; otherwise smooth, or, rarely, with a few encircling shallow folds 
of growth. 

This species — if all the specimens I have referred to it rightly belong 
to it — is very variable in size, in the amount of curvature, and in the 
number of septa. The following are the dimensions of a number of ap- 
parently typical examples : 

1. Pour inches long ; diameter at summit nearly an inch and a half; 
one hundred and sixty septa, alternately large and small. This is the 
largest specimen I have seen, but imperfect at its summit. 

2. Length over three inches ; diameter at summit fourteen lines ; one 
hundred and twenty-six septa, alternately large and small. 

3. Length one and a half inch ; diameter at summit fourteen lines ; 
one hundred and twenty-six septa, alternately large and small. A bro- 
ken specimen. 

4. Length one inch and a half; diameter at summit ten lines; one 
hundred and fourteen septa, alternately large and small. 
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5. Length one inch ; diameter at summit nine lines ; ninety-six septa, 
alternately large and small. 

6. Length fourteen lines; diameter at summit nine lines; ninety 
septa, alternately large and small. 

7. Length six lines ; diameter at summit four and a half lines ; septa 
thirty, all equal in size and extending to the center. This would appear 
to the form described by Hall under the name of S. parvula, and I do not 
feel sure whether it is the young of S. corniculum or really a distinct 
species. 

The average number of septa in a typical example of S. corniculum 
would appear to be one hunred and twenty, or thereabouts. Hall gives 
the number at sixty, but in this enumeration he appears to have neg- 
lected the smaller secondary septa. Prof. Hall, however, gives one hun- 
dred and twenty as the number of the septa in his S. multilamellosa, 
which would seem to be probably only a variety of S. corniculum. 

Position and locality : Upper beds of Cincinnati group, Waynesville, Lebanon, Ox- 
ford, etc., Ohio. 



Genus PAL^OPHYLLUM, Billings, 1857. 

(Geol. Survey of Canada, Report of Progress, 1857, p. 168.) 

" Corallum fasciculate or aggregate ; corallites surrounded by a thick 
wall ; radiating septa extending the whole length ; transverse dia- 
phragms either none or rudimentary ; increase by lateral budding. This 
genus only differs from Petraia or Streptelasma by forming long fasciculate 
or aggregate masses, instead of being simple." (Billings, loc. cit.) 

Amongst the numerous specimens from the Cincinnati group kindly 
submitted to me by Mr. U. P. James are several which agree with Strep- 
telasma corniculum, Hall, in most respects, but differ in the fact that they 
produce lateral buds, or sometimes appear to divide fissiparously. They 
do not form large colonies, but usually consist of from two to six or 
seven corallites. They do not thus constitute " fasciculate or aggregate 
masses " ; but I have thought it advisable to refer them provisionally to 
this genus, rather than to form a new genus for their reception upon in- 
sufficient material. 
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PaL^EOPHYLLUM DIVARICANS, Mcholson. 

Plate 22, figs. 10, 106. 

Corallum usually free, sometimes apparently attached, compound, 
formed of conical, turbinate corallites, which are produced by lateral 
gemmation, or rarely by fission, and which are directed outwards from 
the parent, usually at a more or less open angle, and are never in actual 
contact with one another. The number of corallites in the corallum, so 
far as observed, varies from two to six. Septa from fifty-eight to sixty- 
two, alternately large and small, the large ones becoming twisted as they 
approach the center of the visceral chamber, where they unite with one 
another laterally, and form a more or less developed central mass of 
vesicular tissue. No dissepiments nor columella. Tabulae unknown. 
Wall with a well developed epitheca, with longitudinal ridges corre- 
sponding with the septa within, and also with faint encircling strise and 
a few shallow annulations of growth. Calice deep, with a flattened space 
at the bottom. Free edges of the septa not furnished with spines or 
denticulations. Apparently no fossette. ' 

The best preserved specimen which has come under my notice consists 
of two corallites, one budded from the side of the other nearly at right 
angles. The largest corallite has a length of nearly ten lines, a diameter 
of calice of seven lines, and a depth of calice of four lines. Another 
specimen consists of six nearly equally sized corallites, apparently pro- 
duced by parietal gemmation, and having a length of five or six lines, 
and a diameter at the calice of about five lines. Another specimen con- 
sists of two large corallites which appear to have been produced by 
fission, being attached only by their pointed bases, and being nearly in 
contact with one another. The length of the largest of these corallites 
is more than an inch and a half, and its diameter at the calice is ten 
lines. Another specimen, precisely similar in its mode of growth, is at- 
tached to the dorsal valve of Rhynchonella dentata, Hall, the length of the 
largest corallite being only three lines, and the diameter of the calice 
the same. 

The specimens from which the above description was taken in most 
respects closely resemble Streptelasma corniculum, Hall, especially as con- 
cerns their twisted septa ; but they possess a much smaller number of 
septa (if specimens of -the same size be compared), and they are always 
rendered composite by the production of lateral buds or by cleavage. 

With Palieophyllum rugosum, Billings, the present species can not be 
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confounded for a moment, the former constituting large masses of scarcely 
separate corallites, which vary from one to six lines in diameter. 

Position and locality : Cincinnati group, Cincinnati, Ohio. Collection of Mr. U. P. 

James. 



Genus PROT ARE k, Edwards and Haime. 

(Compt. Rend., T. XXIX., 1849.) 

Protarea vetusta, Edwards and Haime. 

Pontes ? vetusta, Hall ; Pal. N. Y., Vol. I., p. 71, pi. 25, figs. 5a, 5b, 1847. 

Astrxopora vetusta, D'Orbigny ; Prodr. de Paleont., 1850. 

Protarea vetusta, Edwards and Haime; Pol. Foss. des Terr. Paleeoz., pi. 14, fig. 6. 

Corallum forming thin crusts, about one- third of a line in thickness, 
which grow parasitically upon foreign bodies. Calices nearly equally 
developed, usually hexagonal, about one line in diameter or rather less, 
shallow, the bottom of the cup being tuberculated. Septa twelve in 
number, sub-equal, extending but a short distance inwards towards the 
center of the visceral chamber. Walls of the calices thick. 

This pretty little coral forms thin crusts upon species of Strophomena, 
Pleurotomaria, and other fossils, and there appears to be no reason to 
doubt its identity with the specimens described by Hall from the Tren- 
ton limestone. The form described from the Silurian rocks of Ohio, by 
Milne Edwards and Haime, under vhe name of Protarea Verneuilli, is 
chiefly distinguished from this by the slightly larger sizes of the calices, 
but I have seen no specimens that I could refer to it. 

Position and locality ■• Cincinnati group, near Cincinnati, Ohio. 



Genus TETRADIUM, Dana, 1846. 

(ZoSph., Vol. VIII., p. 701.) 

"Coralla massive, consisting of four-sided tubes and cells, with very 
thin septa or parietes ; cells stellate, with four narrow laminae." 

"This genus is near Receptaculites, but differs in 'having very thin 
parietes and four distinct rays between the cells, one to each side. The 
specimen answering to the description is a fossil of uncertain locality in 
the collections of Yale College, New Haven. The cells are about half a 
line in breadth." (Dana, loc. tit.) 

To this definition Prof. J. M. Safford (Amer. Journ. Sci. and Arts, 2d 
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series, Vol. XXII., p. 236) adds the following: " The tubes in the differ- 
ent species vary from one quarter of a line to nearly one line in breadth ; 
they are very long, and are most frequently united throughout laterally, 
forming massive coralla resembling more or less those of Favosites and 
Cheetetes; sometimes, however, they are united in single intersecting 
series, as in Halysites catenulata, Linn.; not unfrequently, too, the tubes 
are isolated, or only united at irregular intervals, thus forming loose 
fasciculated coralla resembling certain forms of Syringopora." 

Prof. Safford further states that the isolated tubes are nearly quadran- 
gular, with more or less rounded angles, and with a slight external longi- 
tudinal depression opposite to each of the four septa. The walls are 
more or less rugose, and increase is by fission of the old tubes. Only one 
specimen was seen in which the tabula? could be detected, and in this 
they were confined to one end of the mass, and were distant from one 
another about twice the width of the tubes. 

The genus is regarded by Safford as intermediate between the Favos- 
itidaz and the Rugosa, the quadripartite character of the corallites 
placing it in the latter group. 

The material in my hands at present is insufficient for any further 
elucidation of this singular genus, and I have nothing to add to the 
characters above recorded, except that in most of the specimens I have 
seen the tabulas appear to be present throughout the whole mass, and 
can be made out without any difficulty. 

Of the lour species enumerated by Safford from the Lower Silurian de- 
posits, the Cincinnati group has yielded one form which I believe to be 
Tetradium minus. 

Tetradium minus, Safforcl. 

Tetradium minus, Safford; Amer. Jour. Sci. and Arts, 2d series, Vol. XXII., p. 238. 

Corallum massive, hemispherical, or amorphous, composed of slender 
closely approximated corallites, which diverge from an imaginary axis. 
The corallites are of great length, sometimes exceeding three inches, 
with a width of from one-third to one-fourth of a line, their walls toler- 
ably thick, and their shape irregularly four-sided or five-sided. The 
septa are apparently four in each corallite, but they are imperfectly pre- 
served, and can only be detected occasionally. There are, however, well 
developed tabulse, which are complete and remote, from five to six usually 
occupying the space of one line. 

I do not know if the specimens from which I have taken the above 
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description are really distinct from T. fibratum, Safford, or not ; but I 
have thought it best to keep them separate in the meanwhile, since they 
agree with T. minus, and differ from the former species in the small size 
of the corallites, of which three or four occupy the space of one line. 
Our specimens also differ from T. fibratum in the greater closeness of the 
tabute, these structures being constantly present, and being very con- 
spicuous. On the other hand, the peculiar septa of the genus are only 
occasionally recognizable in polished transverse sections. 

Position and locality : "Upper beds of Cincinnati group, Lebanon, Waynesville, 
etc., Ohio. From the collections of Prof. Edward Orton and Mr. U. P. James. 
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CORALS OF THE CLINTON FORMATION. 



Genus FAVOSITES, Lamarck, 1816. 
(Hist. des. An. sans Vert., Vol. IT., p. 204.) 

Favosites Gothlandica, Lamarck. 

Favosites Gothlandica, Lamarck; Hist, des An. sans Vert., Vol. II., p. 206. 

Favosites Gothlandica, DeFrance; Diet. Sc. Nat., Vol. XVI., p. 298. 

Favosites Gothlandica, Lamouroux; Encyl. (Zooph.), p. 338. 

Calamopora Gothlandica, Goldfuss; Petref. Germ., Vol. I., p. 78, pi. 26, figs. 3a, 36, 3c, 

3c, and Zd. 
Favosites Gothlandicus, Eichwald ; Zool. Spec, Vol. I., p. 194. 
Favosites reticulum t, Ibid. ; p. 194, pi. 11, fig. 14. 

Calamopora Gothlandica (pars), Mowen ; Descr. Cor. in Belg. Report, p. 72. 
Calamopora Gothlandica, Stephen Kntorga ; Beitr. zur Geogr. and Paleont. Dorpat's, 

p. 24, pi. 5, fig. 2. 
Calamopora basaltica, Hisinger; Leth. Succ, p. 96, pi. 27, fig. 5. 
Calamopora Gothlandica, Eichwald ; Sil. Syst. in Esthland, p. 198. 
Favosites sub-basaltica, D'Orbigny; Prodr. de Paleont., Vol. I., p. 49. 
Favosites Gotldandica, McCoy ; Pal. Foss., p. 20. 
Favosites Gothlandica, Milne Edwards and Jules Haime ; Pol. Foss. des Terr. Palseoz., 

p. 232. 
Favosites Niagarensis, Hall; Pal. N. Y., Vol. II., p. 125, pi. 34, A (bis), fig. 4, and p. 

324, pi. 73, fig. 1. 
Favosites Goldfussi, D'Orbigny ; Prodr. de Paleont, Vol. I., p. 107. 
Favosites Goldfussi, Milne Edwards and J. Haime; Pol. Foss. des Terr. Palseoz., pi. 20, 

fig. 3. 
Favosites Goldfussi, Edwards and Haime ; British Foss. Corals, pi. 47, figs. 3, 3c. 
Favosites Gothlandica, Billings; Canadian Journ., 2d Ser., Vol. IV., p. 99. 
Favosites Gothlandica, Nicholson; Can. Journ., 2d Ser., Vol. XIV., No. 1, p. 41. 
Favosites Gothlandica, Nicholson and Hinde; Can. Jour., 2d Ser., Vol. XIV., No. 2, 

1874. 
Favosites Gothlandica, Nicholson ; Report on the Paleontology of Ontario, p. 45, 1874. 

(The above includes only the more important synonyms of this widely distributed 
and variable species.) 

Corallum massive, forming spheroidal, pyriform, or more or less hemi- 
spheric masses, which often attain a very large size. Corallites in gen- 
eral markedly polygonal, and for the most part tolerably uniform in their 
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dimensions, varying in different examples from one to two lines in diam- 
eter, though usually rather over one line. Mural pores usually in two 
rows on each of the prismatic faces of the corallites, arranged alternately, 
or sometimes oppositely, and surrounded by elevated margins. Tabulae 
usually complete, extending across the visceral chamber without inter- 
ruption. Septa usually altogether absent, or at most represented by 
tubercles or short spines. 

The limits of this variable species can perhaps at present be hardly 
laid down with certainty, but we may safely include under this head 
those massive forms of Favosites in which the corallites are prismatic, 
thin-walled, approximately equal in size, about one line, or rather more, 
in diameter, with two rows of mural pores on each of the prismatic faces 
of the corallites, these openings being usually arranged alternately. 
Except in well-preserved specimens, however, it must be admitted that 
it is by no means always easy to determine examples of F. Gothlandica. 

Position and locality : Clinton group, Greene county, Ohio. 



Favosites aspeea, D'Orbigny. 

Calamopora alveolaris (pars), Goldfuss; Petref. Germ., Vol. I., pi. 26, fig. 16. (Cset. 

exclusis.) 
Favosites alveolaris, Lonsdale ; Sil. Sys,t., p. 681, pi. 15 bis, fig. 2. 
Calamopora alveolaris, Eichwald ; Sil. Syst. in Esthland, p. 198. 
Favosites alveolaris, Lonsdale ; In Murch. Vern. and Keys. Russia and Ural Vol I 

p. 610. '' 

Calamopora alveolaris, Keyserling ; Eeise in Petschora, p. 177. 
Favosites aspera, D'Orbigny ; Prodr. de Paleont., Vol. I., p. 49. 
Favosites aspera (?), McCoy ; Pal. Foss , p. 20. 

Favosites aspera, Edwards and Haime ; Pol. Foss. des Terr. Pateoz., p. 234 
Favosites aspera, Edwards and Haime ; Brit. Foss. Corals, pi. 60, figs. 3, 3a. 

Corallum massive, sub-hemispheric or pyriform; corallites polygonal, 
thin-walled, unequal in their dimensions, the larger ones about one line 
in diameter or a little over. Mural pores placed on the angles of the 
corallites, instead of on their flat faces. Tabula? with six large and well 
marked sub-marginal fossulse. 

A small mass from the Clinton formation of Ohio may be referred 
here, though its state of preservation is such that the characters of the 
tabula? can not be determined. It can not, therefore, be made out with 
accuracy whether the specimen in question is really F. aspera or the very 
closely allied, if not identical, i*. alveolaris, Gold. From the inequality 
15 
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in the size of the calices, it may, however, be referred with tolerable cer- 
tainty to the former species. I am not aware that this form has previ- 
ously been detected in the North American continent. 

Position and locality : Clinton group, Clarke county, Ohio. 



Favosites venusta, Hall. 

Astrocerium venustum, Hall; Pal. N. Y., Vol. II., pi. 34, figs, la, li 
Favosites venusta, Nicholson and Hinde; Canadian Journ., 2d series, Vol. XIV., No. 
II., 1874. 

Corallum forming large hemispherical or spheroidal masses, which are 
usually composed of a succession of concentric layers, and generally have 
a more or less flattened upper surface. Corallites slender, variable in 
size, polygonal, rapidly increasing in number by fission, so that the mass 
increases rapidly in size in proceeding from the base upwards. The 
larger corallites are usually about half a line across, but they have many 
smaller ones intercalated amongst them, the diameter of which varies 
from the fiftieth of an inch up to half a line. The calices are hexagonal, 
polygonal, or sub-cylindrical, and there are usually rudimentary septa in 
the form of very short spiniform projections. The tabulae are complete, 
straight o*r flexuous, from four to six occupying the space of one line. 
Mural pores undeterminable. 

The genus Astrocerium, was found by H'all (Pal. N. Y., Vol. II., p. 126) 
to include corals precisely similar in most respects to the typical species 
of Favosites, except that they possess spiniform septa. Septa, however, 
are by no means wanting, even in the most characteristic species of 
Favosites, as, at any rate, an occasional thing. If it could be shown, as 
Hall seems to have believed, that the corals which he referred to Astro- 
cerium are destitute of mural pores, then the genus might perhaps be re- 
tained; but in the meanwhile this has not been proved, and it is, there- 
fore, impossible to separate Astrocerium from Favosites. 

The present species can readily be distinguished from F. Gothlandica, 
Lam., by the small size of the corallites, and the great inequality in their 
dimensions. It most nearly resembles F. hemispherica, Yand. and Shum- 
. ard, of the Devonian series, but it is separated from it without difficulty 
by its totally different mode of growth, and by the fact that the tabular 
, are both more remote and complete. The species appears to have com- 
menced its existence in the Clinton formation, but it attains its highest 
• development in the Niagara period. 

Position and locality : Clinton group, Yellow Springs, Ohio. 
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Halysites catenularia, Linnaeus. 

« 

Tubipora catenularia, Linn6; Syst. Nat. Ed. XII., p. 1270, 1767. 

Catenipora labyrinthica, Goldfuss; Petref. Germ., Vol. I., p. 75, pi. 25, fig. 5. 

Catenipora escharoides, DeBlainville ; Man., pi. 65, fig. 5. 

Catenipora escharoides, Hall ; Pal. N. Y., Vol. II., pp. 44 and 127, pi. 18, fig. 2, and pi. 

35, fig. 1. 
Halysites catenularia, Edwards and Haime ; Pol. Foss. des Terr. Palseoz., p. 281. 
Halysites catenularia, Edwards and Haime ; Brit. Foss. Corals, pi. 64, figs. 1, lc. 

It does not seem necessary to give either a description or a full syn- 
onymy of this very common and well known coral. It is most readily 
recognized by the loosely reticulated corallum, composed of interlacing 
vertical plates, each of which in turn is made up of tabular corallites. 
The tabulse are well developed, and the existence of septa can often be 
determined without difficulty. The size of the meshes of the corallum 
varies very much, though not so much as the size of the individual 
corallites. The calices are elliptical in shape, and their long diameter 
may vary from as little as one-third of a line to as much as one line and 
three-quarters, or more than five times as great. Nevertheless, the 
gradations between the smallest and largest forms are so numerous that 
it is impossible to believe that we are dealing with more than a single 
species. Milne Edwards and Haime, with more or less doubt, retain the 
name of Halysites escharoides for those forms in which the reticulations of 
the corallum are small, polygonal, and of nearly equal dimensions. I 
think it very doubtful if this form can be regarded as more than a mere 
variety of H. catenularia; but it appears to me, from the specimens 
which I have examined, that H. agglomerata, Hall, may fairly be consid- 
ered as distinct. 

Position and locality : Clinton group, Preble county, Ohio. 

Acervularia Clintonensis, Nicholson. 

Plate 23, figs. 2, 2a. 

Corallum astrasiform, plane composed of polygonal corallites closely 
united with one another. The outer walls of the corallites very thick, 
either slightly undulated or straight. The corallites are somewhat un- 
equal in size, and usually pentagonal in shape, their great diagonal vary- 
ing from three to six lines, but averaging about four lines. The inner wall 
is extremely well marked, sometimes slightly elevated above the bottom of 
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the main calice. The true calice varies from two to three lines in diam- 
eter. As seen in the inner cup, or true calice, there are from forty to 
forty-six slender septa, alternately large and small, united with one 
another laterally hy transverse dissepiments. In the space between the 
two walls the septa are often imperfectly developed, or are so united with 
one another and broken up by dissepiments as to give rise to a loose and 
open vesicular tissue. 

This form is readily distinguished from all the other species of Acervu- 
laria with which I am acquainted by the strong and well-marked outer 
and inner walls, the great development of the septa within the inner 
cup, the general proportions of the corallites, and the number and in- 
equality in size of the septa. 

Position and locality : Clinton group, Yellow Springs, Ohio. 

Eridophyllum Simcoense, Billings. 

Eridophyllum Simcoense, Billings; Canadian Journ., new ser., Vol. IV., p. 132, 1859. 
EiidophyUwm Simcoense, Nicholson ; Report on the Palaeontology of Ontario, p. 34, 1874. 

Corallum forming colonies of cylindrical, straight, fiexuous or crooked 
corallites, from two to three lines in diameter, distant from one another 
from one to three lines, and united by short, horizontal connecting pro- 
cesses. The connecting processes are thick at their, points of junction 
with the corallites, and thin in the middle, and they are often, though 
not universally, turned in the same direction in the same colony. Their 
distance apart varies from two to six lines. ' The epitheca usually ex- 
hibits encircling annulations of growth, along with vertical ridges cor- 
responding with the septa. There is a well-developed central tabulate 
area, into which the septa either do not penetrate at all, or extend but a 
short distance. The septa are between forty and fifty in number, and 
are alternately large and small. 

It is possible that this species may turn out, on a more extensive ex- 
amination of specimens, to be identical with E. rugosum, Edw. and H., 
from the Upper Silurian of the island of Gothland. 



Position and locality : Clinton group, Yellow Springs, Ohio. 
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Genus FAVOSITES, Lamarck, 1816. 
(Hist, des An. sans Vert, Vol. II., p. 204.) 

Favosites favosa, Goldfuss. 

Calamopora favosa, Goldfuss; Petrel Germ., pi. 24, figs. 2a, 2c. 

Favosites favosa (?), Hall; Pal. N. Y., Vol. II., pi. 34 A, figs. 5a, 5e. 

Favosites favosa, Nicholson and Hinde; Can. Journ., 2d ser., Vol. XIV., No. 2, 1874. 

Corallum massive, spheroidal, pyriform, or hemispheric, composed of 
prismatic corallites, the diameter of which, in normal specimens, varies 
from one to two lines in diameter. The tabula? are about six in the space 
of two lines, usually more or less ^conspicuously curved, with their con- 
vexities directed upwards. Mural pores in two alternating rows upon 
the flat faces of the corallites. Septa absent, or represented by spini- 
form projections. 

The corallum in F. favosa, Goldfuss, is essentially similar to F. Goth- 
landica, Lam., and is to be distinguished solely by the slightly larger 
size of the corallites in ordinary examples, and by the curvature of the 
tabulae. I have seen unmistakable specimens of this form from the 
Niagara limestone of Owen Sound, in Canada, and am inclined to refer 
here a small mass from the same horizon in Ohio. In this example the 
corallites vary from a line and a half to two lines in diameter, with a 
few smaller ones intercalated amongst them, and their shape is usually 
pentagonal. The tabulae, however, are straight and not curved. This 
latter fact renders the reference to F. favosa somewhat doubtful, and the 
same may be said of the specimens described by Hall from the Niagara 
limestone of Milwaukee (loc. tit., p. 126). 

Position and locality : Niagara formation, Dayton, Ohio. 
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CORALS OF THE'CORNIFEROUS LIMESTONE. 



Genus FAVOSITES, Lamarck, 181-5. 
(Hist, des An. sans Vert., Vol. II., p. 204.) 

Favosites turbinata, Billings. 

Faimites turbinata, Billings; Canadian Journal, new ser., Vol. IV., p. 109, and Vol. 

V., p. 258, fig. 7. 
Favosites turbinata, Nicholson ; Canadian Journal, new ser., Vol. XIV., No. 1, p. 48. 
Favosites turbinata, Nicholson ; Report on the Palaeontology of Ontario, pi. 8, figs. 1, 2. 

Corallum massive, usually turbinate, with a more or less spirally 
twisted base, sometimes straight and cylindrical, or at other times more 
or less irregular in shape. Corallites nearly equally sized, prismatic or 
sub-prismatic, from half a line to one line in width. Tabulae flat or fiex- 
uous, usually complete. Mural pores of large size, disposed in a single 
row upon each of the flat surfaces of the corallites. The entire surface 
is occupied by the calices, but only those in the upper portion of the 
coral remain open, the remainder being completely closed by a thicker 
or thinner epitheca. 

The specimens of this remarkable species differ much both in shape 
and in size, being usually more or less in the form of an inverted cone, 
and varying from less than an inch to two feet in length. The upper 
portion of the colony is usually thick and broad, sometimes cup-shaped, 
and here the calices are open. Owing, however, to the fact that the cor- 
allites radiate in all directions from an imaginary central line, the entire 
surface is really occupied by the calices ; but those which are placed on 
all parts of the surface beneath the summit of the mass have their 
mouths completely sealed up by the development of an epitheca. As a 
general rule, the epitheca is thin and delicate, and allows the old calices 
beneath to be distinctly seen ; but at other times it may be thick enough 
to almost conceal from view the calices. 

The form and mode of growth of F. turbinata sufficiently distinguish 
it from all other recorded forms. The species, however, is further distin- 
guished by the small size of the corallites, their thick walls, their nearly 
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uniform dimensions, and their possession of a single row of large mural 
pores on each of the fiat faces. 

I have seen fine specimens of this species from the Corniferous lime- 
stone of Ohio, and it is one of the commonest and most characteristic 
fossils of the same formation in Canada. It also occurs, though not so 
abundantly, in strata of the age of the Hamilton group, in western On- 
tario. 

Position and locality : Corniferous limestone, Kelley's Island, Ohio. 



Favosites polymorpha, G-oldfuss. 

Calamopora polymorpha, Goldfuss ; Petref., pi. 27, figs. 26, 2c, 2d, 36, and 3c. (Cset. 
exclusis.) 

Corallum more or less lobate or sub-dendroid, varying in shape and 
size. Calices more or less polygonal, sometimes becoming round by the 
thickening of the walls of the corallites, of unequal sizes, a few small 
ones being intercalated amongst the larger. The diameter of the larger 
calices is generally from half a line to two-thirds of a line. 

It seems questionable whether the strictly dendroid forms of Favosites, 
usually described under the names of F. reticulata, DeBlain., and F. dubia, 
DeBlain., can be separated from F. polymorpha proper, but I have omit- 
ted any allusion to their characters in the above definition. It seems 
also doubtful if F. cervicornis, DeBlain., and F. cristata, Edw. and H., can 
be kept apart from this form. 

Position and locality : Corniferous limestone, Antwerp, Ohio. 



Favosites pleurodictyoides, Nicholson. 

Plate 23, figs. 3, 36. 

Corallum circular, depressed, apparently discoid, the under surface 
being fiat or slightly concave. The lowermost corallites are parallel with 
the lower surface, and radiate from the central point like the spokes of 
the wheel. The corallites are prismatic or ' sub-cylindrical in shape, 
about one line in width near the base, but often rapidly widening as they 
approach the circumference of the colony, their walls pierced with two 
very distinct rows of alternating mural pores, resembling those of F. Goth- 
landica. Epitheca thin, continuous, but deeply grooved along the lines 
of junction of the different corallites, concentrically striated, and also 
exhibiting faint longitudinal striae. Upper surface and calices unknown. 
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Of the two specimens examined, one had a diameter of nearly an inch 
and a half, and the other of ten lines. Both were imbedded in the rock in 
such a manner as to expose nothing but the flat, discoid, lower surface. 

In many respects this form reminds one of Pleurodictyum problematicum, 
Goldfuss ; but as the affinities of the latter are not altogether certain, and 
as our specimens undoubtedly belong to Favosites, I have thought it best 
to consider them as distinct. Even if it were accepted as quite certain 
that Pleurodictyum problematicum is founded upon casts of a species of 
Favosites, I should still be disposed to consider the present form as dis- 
tinct, since its epitheca differs markedly from that of the former in ex- 
hibiting grooves which indicate in the plainest manner the limits of the 
superjacent corallites. From the recorded species of Favosites, F. pleuro- 
dictyoides is sufficiently distinguished by its peculiar form and mode of 
growth. The walls of the corallites are usually well preserved, and are 
not amalgamated with one another, whilst they support two rows of 
alternating mural pores. 

Position and locality : Corniferous limestone, Kelley's Island, Ohio. From the col- 
lection of Prof. Edward Orton. 

Favosites invaginata, Nicholson. 

Plate 23, figs. 7, 7a. 

Corallum massive, conical, or inversely turbinate, composed of a num- 
ber of funnel-shaped layers invaginated one within the other, or rather 
of a number of conical layers which are successively superimposed one 
upon the other. Apex of the mass obtusely pointed, base deeply con- 
cave. Corallites short, radiating in each successive layer in all direc- 
tions from the imaginary center of the colony, polygonal or sub-cylindri- 
cal in shape, mostly sub-equal, from one-half to two-thirds of a line in 
diameter, rarely one line. Septa very distinct, extending nearly to the 
center of the visceral chamber. Tabulte very closely set, and apparently 
usually incomplete. Mural pores large, round, surrounded by an ele- 
vated border, in two rows on each face of the corallites, those of each 
row separated from those of the other by an elevated longitudinal line, 
and either alternating or opposite to one another. 

I have only seen one large specimen of this singular species, which, 
though imperfect, has a length of four and a half inches, and a diameter 
of about four inches at its broader end. The specimen is completely 
silicified, and its state of preservation is such as to prevent the deter- 
mination of several points of interest. The entire mass is conical, and 
is composed of successive layers of corallites, which usually have a thick- 
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ness of about two lines, less or more. Ai first sight one would imagine 
that the mass had been fixed by its smaller end, the broader extremity 
being concave, and apparently having had the corallites opening on this 
surface. On the contrary, however, a close examination has satisfied me 
that the reverse of this is really the case. The coral must in reality 
have been free, and the broad concave end must have been covered with 
an epitheca which has now disappeared. The calices, therefore, must 
have opened over the entire convex surface of the cone. That this is the 
real state of the case is shown, amongst other proofs, by the fact that the 
entire pointed end of the cone is uninterruptedly covered by the calices, 
rendering it impossible that the mass can have been attached at this 
point. 

The species to which, at first sight, F. invaginata bears the closest re- 
semblance is F. turbinata, Billings, but this resemblance ceases the mo- 
ment the former is held in its proper position. The latter species, also, 
is fixed by its pointed base, and has its convex sides covered with an 
epitheca, whilst the corallites are destitute of septa, and the mural pores 
are uniserial. The present species, on the other hand, had its pointed 
end directed upwards, and possessed well-developed septa and biserial 
mural pores. The septa of the corallites are apparently from six to 
twelve in number, but owing to the silicification of the mass they can 
not be counted with accuracy. The tabulse, also, are only shown over a 
portion of the mass, but they appear to have the characters of Favosites 
(Emmonsia) hemispherica, being numerous, close-set, and incomplete, and 
often interlocking by their free ends. From the ordinary forms of 
Favosites the present species is sufficiently separated by its peculiar form 
and mode of growth, and its well-developed septal system. 

Position and locality : Corniferous limestone, Marblehead, Ohio. 

Genus CYSTIPHYLLUM, Lonsdale, 1839. 

(Silurian System, p. 691.) 

Cystiphyllum vesiculosum, (ioldfuss. 

Cyathophyllum vesiculosum, Goldfuss ; Petref., p. 58, pi. 17, fig. 5, and pi. 18, fig. 1. 

Cystiphyllum vesiculosum, Phillips ; Pal. Foss , p. 10, pi. 4, fig. 12. 

Cystiphyllum vesiculosum, Milne Edwards and Haime ; Pol. Foss. des Terr. Pal., p. 462. 

Cystiphyllum vesiculosum, McCoy; Brit. Pal. Foss., p. 71. 

Cystiphyllum vesiculosum, Nicholson ; Eept. on the Palaeontology of Ontario, p. 37, fig. 8. 

Corallum simple, elongated, turbinate, or cylindro-conic, sometimes 
almost cylindrical. Epitheca thick, with encircling striae and folds of 
growth, the latter being sometimes rounded, sometimes sharp-edged and 
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imbricating. Calice deep, its bottom usually occupied by a group of 
bullae, with very distinct septal striae, which usually appear to be made 
up of a succession of elongated vesicles. The internal structure is ves- 
icular, the largest vesicles being central, and having a diameter of from 
a line to a line and a half. 

Young examples of 0. vesiculomm are strictly simple, but older exam- 
ples increase in size by a peculiar form of calicular gemmation. In this 
mode of growth the coral attains a certain size, and then the calice be- 
comes more or less covered up by the extension over it of the epitheca. 
A fresh corallite is then produced from the primitive oral disc by gem- 
mation, either directly in the axis of the old cup or commonly from one 
side. After this has lived for a certain time, a third corallite is produced 
in a similar manner, and the process may be continued until an aged 
specimen may come to consist of six or eight cups arranged in a vertical 
series, and each springing from some part of the calice of its predecessor. 

An individual of C. vesiculosum of average size has a length of three 
inches, a diameter of the calice of an inch and a quarter, and a depth of 
the calice of about the same. 

Position and locality: Oorniferous limestone, Columbus, Ohio. Collected by Mr. 
J. H. Klippart. 



Cystiphyllum Ohioense, Nicholson. 

Plate 23, figs. 4, 4a. 

Corallum small, turbinate, straight, or slightly curved, from six to nine 
lines in height. Epitheca with longitudinal striae, and usually well- 
marked annulations and constrictions of growth. No calicular gemma- 
tion nor radiciform productions of the epitheca. Calice not oblique, ex- 
tremely deep, occupying from half to two-thirds of the total length of 
the corallum, not flattened at the bottom. The interior of the calice 
shows more or less distinct septal striae, thirty or more in number. Ves- 
icles small. 

The dimensions of an average specimen are : length, eight lines ; 
diameter of calice, six lines ; depth of calice, four and a half lines. 

There can be no doubt as to the specific distinctness of this form, 
though the examples upon which it is founded are much silicified, and 
do not exhibit some points of structure so well as could be desired, ft 
Ohioense is readily distinguished by its uniformly small dimensions, its ex- 
traordinarily deep, pointed, and not oblique calice, the presence of distinct 
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septal striae, and the absence of radieiform prolongations of the epitheca. 
The forms to which it is most nearly allied are 0. cylindricum, Londs., 0. 
Qrayi, Edw. and H., and C. sulcatum, Billings; but the above characters 
are amply sufficient to distinguish it. 



Zaphrentis Edwardsi, Nicholson. 

Plate 23, figs. 6, 6a. 

Corallum small, acutely conical, slightly curved towards the base. 
Length, nine lines ; diameter of the calice, six lines. Epitheca with a 
few obscure anniilations of growth, and with well-marked longitudinal 
strise corresponding with the septa. Galice circular, about three lines in 
depth. A well-marked septal fossula on the curved side of the corallum, 
extending from the center to the margin of the cup, with two smaller 
and less conspicuous lateral fossulse, which also extend from the center, 
and are directed nearly at right angles to the main fossette. The main 
fossule includes three of the primary septa, whilst the lateral fossules in- 
clude a single primary septum each. Septa alternately large and small, 
fifty-six in number altogether. The large septa reach the center of the 
calice, where they are occasionally slightly bent, but do not unite with 
one another. 

I am reluctant to add to the already long list of species of Zaphrentis, 
but I am unable to refer this to any previously recorded form. It differs 
from all the known species of the genus, except Z. Griffithi, Edw. and 
Haime, in having two small lateral fossulse placed at right angles with 
the main fossule, the latter being deep, extending to the center of the 
visceral chamber, and situated on the dorsal side of the corallum. Prom 
Z. Griffithi the present species differs in its smaller size, its proportion- 
ately deeper calice, its smaller number of septa, and its much less broadly 
expanding form. 

Position and locality: Corniferous limestone, Columbus, Ohio. 



Zaphrentis Wortheni, Nicholson. 

Plate 23, figs. 5,5a. 

Corallum small, conical, strongly curved, the calice being so oblique as 
to be almost parallel with the long axis of the coral. Length, measured 
along the greater curvature, fourteen lines ; along the smaller curvature, 
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only five lilies. Calice very nearly circular, about ten lines in diameter, 
shallow, with a single narrow fossule placed on the convex or dorsal side 
of the corallum. Septa eighty-eight in number ; forty-four large, nearly 
or quite reaching the center; forty-four small, alternating with the 
former. Epitheca destitute of annulations of growth or accretion-swell- 
ings, with fine longitudinal striss corresponding with the septa. 

Apart from its internal characters, Z, Wortheni is sufficiently distin- 
guished from all the allied species of Zaphrentis by the extraordinary 
obliquity of the calice, the plane of which forms an angle of no more 
than twenty degrees, with the tangent to the dorsal surface, where the 
coral is held upright. Owing to the curvature of the dorsal side, the 
actual angle formed by the plane of the calice with the axis of the coral- 
lum is less than this — probably not more than ten degrees. The species 
is further distinguished by its narrow fossule, placed on the convex side 
of the corallum , its small size, the number of the septa, and the absence 
of annulations or well-marked growth-swellings. 

Position and locality : Corniferous limestone, Sandusky, Ohio. 



Zaphkentis multi-lamellata, Nicholson, 

I propose to give this title provisionally to a large form of Zaphrentis 
which appears ito me to be undoubtedly distinct, but which is not in such 
a state of preservation as to admit of a completely satisfactory determin- 
ation. 

The corallum is large, turbinate, and curved towards the base, broadly 
expanding, its length being three inches and a quarter, and its diameter 
at the summit about two inches and two-thirds. The epitheca is fur- 
nished with shallow annulations of growth, together with longitudinal 
striae corresponding with the septa, about five of the latter occupying a 
space of two lines. The calice and septal fossule are unknown. The 
septa are sub-equal, extended nearly to the center of the visceral cham- 
ber, and somewhat flexuous. Their number, owing to the fact that the 
calice is mostly filled up with extraneous matter, can not be made out 
with absolute certainty, but there are about two hundred septa, at a 
diameter of two inches and a quarter, a little below the calice. 

I know of no species of Zaphrentis with which this could be compared, 
its very broadly expanding form and the great number of its septa dis- 
tinguishing it from all previously recorded species of the genus. It is 
most nearly allied, perhaps, to Zaphrentis (Heterophrentis) spatiosa, Bill- 
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ings, but it has more than twice as many septa. More perfect speci- 
mens, I feel satisfied, will prove this species to be distinct. 
Position and locality : Oorniferous limestone, Columbus, Ohio. 

Zaphrentis prolifica, Billings. 

Zaphrentis prolifica, Billings ; Canadian Journal (new series), Vol. IV., p. 121, figs. 22, 23. 
Zaphrentis prolifica, Nicholson ; Rept. on the Palaeontology of Ontario, pi. 3, figs. 2, 2o. 
Heterophrentis prolifica, Billings; Canadian Naturalist (new series), Vol. VII., No. 4, 
March, 1874. 

"Corallum simple, turbinate, curved, expanding to a width of from 
eighteen to twenty four lines in a length of from two to four inches. 
Surface with a few undulations of growth. Septal' strise, eight to ten 
near the base, and six to eight in the upper part, in a width of three 
lines. Septa from about one hundred to one hundred and twenty at the 
•margin, where they are all rounded ; most common number from one 
hundred to one hundred and ten. In general they alternate in size at 
the margin, the small ones becoming obsolete on approaching the bot- 
tom of the calice, the large ones more elevated and sharp-edged. The 
septal fossette is large and deep, of a pyriform shape, gradually enlarging 
from the outer wall inwards for one-third, or a little more, of the diameter 
of the coral, at the bottom of the calice. Its inner extremity is usually 
broadly rounded, or, sometimes, straightish in the middle. It cuts off 
the inner edges of from eight to twelve of the principal septa, which 
may be seen descending into it to various depths. The surface layer of 
the bottom of the cup extends the whole width, bending down a little 
near the margin, as in Zaphrentis, and uniting with the inner wall of the 
cup all* around. It thus seems to represent one of the tabulae of a 
Zaphrentis." (Billings, Canadian Naturalist, Vol. VII, No. 4, p. 237.) 
The bottom of the calice is stated to be either smooth or to be furnished 
with a more or less well-developed pseudo-columella. 

Mr. Billings (loc. tit ) forms a new genus for the reception of this and 
some allied forms, under the name of Heterophrentis. The only charac- 
ters which are stated to separate this genus from Zaphrentis are the exist- 
ence of a pseudo-columella, and the fact that " there is apparently only 
a single transverse diaphragm, and this forms the floor of the cup." I 
do not feel myself at present in the position to be able to pronounce any 
opinion as to the validity of the genus thus proposed by Mr. Billings. I 
shall, however, in the meanwhile leave this pretty little coral in the 
genus Zaphrentis, having myself seen no examples exhibiting the char- 
acters quoted by Mr. Billings. 
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Ordinary examples of Zaphrentis prolifica are usually about an inch 
and a half in length, but vary from three-quarters of an inch up to three 
inches. The calice is deep, but is exceedingly oblique, its greatest height 
being on the side of the convex curvature of the coral. The septa are 
alternately large and small, and the primary septa are always more or 
less bent as they approach the center. The epitheca, when well pre- 
served, exhibits a few broad and rounded undulations of growth, with 
more or less distinctly marked longitudinal striae corresponding with the 
septa. 

Position and locality : Oorniferous limestone, Marblehead, Sandusky, Kelley's Island, 
and Columbus, Ohio. 



Genus ERIDOPHYLLUM, Edwards and Haime, 1851. 
(Pol. Foss. des Terr. Pal., p. 423.) 

Eeidophyllum strictum, Edwards and Haime. 

Eridophyllum strictum, Edwards and Haime ; Pol. Foss. des Terr. Pal., p. 424, pi. 8, 

fig. 7. 
Eridophyllurn strictum, Billings ; Canadian Journal (new series), Vol. IV., p. 133. 

Corallum fasciculate, composed of elongated cylindrical corallites, 
which have a diameter of from two to nearly five lines, and are placed 
at intervals apart of about one or two lines. The corallites are strongly 
annulated by sharp-edged epithecal projections at intervals of from a line 
and a half to three lines, and at each of the annulations arise small but 
very conspicuous processes by which the separate corallites are united to 
one another. Besides the strong periodic annulations, the epitheca is 
marked by numerous longitudinal strise, corresponding with the septa. 
Increase is by calicular gemmation, three or four young being usually 
produced simultaneously from the parent corallite. A well-marked cen- 
tral tabulate area is present. The septa are well developed in the ex- 
ternal area of the corallites, where they are united by delicate dis- 
sepiments. There appear to be about sixty septa in a fully matured 
corallite, but their number could not be ascertained with absolute 
accuracy, owing to the condition of preservation of the specimens ex- 
amined. 

Milne Edwards and Haime state that the connecting processes between 
the corallites in this species are only poorly developed, but in such ex- 
amples as I have seen they constitute a very marked feature, being 
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usually produced in a whorled manner from the annulations of the coral- 
lites. 

Position and locality : Corniferous limestone, Columbus, Ohio ; also from the same 
formation at Louisville, Kentucky. Mr. Billings describes the species from the Cor- 
niferous limestone of western Canada. 



Eridophyllum Verneuilanum, Edwards and Haime. 

Eridophyllum Yerneuilanum, Edwards and Haime ; Pol. Foss. des Terr. Pal., p. 424, pi. 8, 

figs. 6, 6a. 
Eridophyllum Verneuilanum, Billings ; Canadian Journal (new series), Vol. IV., p. 131, 

fig. 26. 
Eridophyllum Verneuilanum, Nicholson ; Rept. on the Palaeontology of Ontario, p. 35, 

fig. 7. 

Corallum composed of cylindrical, straight, or slightly fiexuous coral- 
lites, which have a diameter of from four to six lines, and are united by 
horizontal connecting processes placed at intervals apart of from half an 
inch to an inch and a half. Septa usually about forty-five in number, 
alternately large and small, extending very nearly to the center of the 
visceral chamber, and thus invading the central tabulate area. The 
septa are united in the outer zone of the corallites by numerous delicate 
dissepiments. The distance between the different corallites varies much, 
being sometimes as much as half an inch, whilst at other times the 
corallites are nearly in contact. 

E. Verneuilanum closely resembles E. striatum, but the corallites are 
larger, and are usually more remote from one another, whilst the con- 
necting processes are not only larger, but are also more remote. In the 
best preserved specimen from Ohio that I have seen the corallites are 
strongly annulated with periodic growth-swellings, and are close together ; 
thus differing from the typical form of the species, and being distin- 
guished from E. strictum by little but the greater size of the corallites and 
the greater remoteness of the connecting processess. The number of 
the septa, as pointed out by Mr. Billings, is much larger than that 
given by Edwards and Haime, viz., twenty-two. ,On the contrary, there 
appear to be from forty to sixty septa, alternately large and small, the 
former nearly or quite reaching the center. The outer area of the coral- 
lites is rendered vesicular by the presence of numerous dissepiments, and 
there is a well-marked central tabulate area. The epitheca is marked 
with longitudinal striae corresponding with the septa, and there are also 
fine encircling striae. 

Position and locality : Corniferous limestone, Columbus, Ohio. 
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Genus ACERVULARIA, Schweigger, 1820. 

(Handb. der Naturg., p. 418.) 

ACERVULARIA PROFUNDA, Hall. 

Acervularia profunda, Hall; Geology of Iowa, "Vol. I., Part II., pi. 1, figs. 7, 7c. 

Corallum sub-hemispheric, astrseiform, composed of polygonal, closely 
united, unequally sized corallites, which vary from less than three to as 
much as five lines in diameter. Outer walls of the corallites thin ; 
inner calicine wall rarely well defined, the surface sinking, at first gradu- 
ally and then abruptly, to form the true cup, the diameter of which is 
always considerable, and varies from one and a half to three lines. The 
bottom of the true calice is flat or slightly elevated. The septa are 
about forty, more or less, in number, for the most part extending into the 
true calice, slender, and marked with denticulations closely resembling 
those so characteristic of the genus Heliophyllum. About six of these 
denticulations in the space of one line. 

Our specimens do not differ in any material respect from those de- 
scribed by Prof. Hall from the Hamilton formation of Iowa. The species 
is most nearly allied to A. Davidsoni, Edw. and H., from which it is dis- 
tinguished by the smaller size of the corallites as a general rule, the 
greater inequality in the size of the calices, and the greater number and 
more conspicuous denticulation of the septa. 

Position and locality : Corniferous limestone, Sandusky, Ohio. 

Acervularia Davidsoni, Edwards and Haime. 

Acervularia Davidsoni, Edwards and Haime; Pol. Foss. des Terr. Pal., p. 418, pi. 9, 

figs. 4, 46. 
Acervularia Davidsoni, Hall ; Geology of Iowa, Vol. I., Part II., pi. 1, figs. 8a, 86. 

Coral astrasiform, massive, composed of polygonal, unequally sized 
corallites, the average ones being half an inch in diameter. The walls 
of the corallites are slightly undulated or zigzagged, and the interior 
wall is rarely defined. The septa are usually forty or forty-two, with 
finely denticulated edges, about six or seven denticulations in the space 
of one line. 

The only example of this species which I have seen from the State of 
Ohio is a polished specimen, which does not exhibit the characters of 
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the exterior surface. The chief character which separates such a speci- 
men from A. profunda, Hall, is the larger size of the corallites, which 
vary from three to ten lines in diameter, and the zigzag undulations of 
the outer walls. 

Position and locality : Corniferous limestone, Sandusky, Ohio. 

Genus SYRINGOPORA, Goldfuss, 1826. 
Syringopora Maclurei, Billings. 

Syringopora lubiporoides, Billings; Canadian Journal (new series), Vol. IV., p. 115, 

fig. 17. 
Syringopora Maclurei, Billings; Ibid., Vol. V., p. 258. 
Syringopora Maclurei, Nicholson ; Rept. on the Palaeontology of Ontario, p. 41. 

Corallum of long, slightly fiexuous corallites, which have a diameter 
of from a line to as much as a line and a half, and which may be nearly 
in contact, or may be separated by intervals of from two to four lines 
apart. The connecting processes are usually short and inconspicuous, 
and often look like mere inosculations of the adjacent corallites, their 
distance apart varying from three lines to as much as one inch. Epitheca 
with numerous encircling stride, and occasionally with obscure longitud- 
inal striae in addition. 

This species is most nearly allied to S. perelegans, Billings, from which 
it differs in its more robust, more fiexuous and less regularly disposed 
corallites, and in the less highly conspicuous connecting processes. The 
specimens from Ohio are quite similar to those from Canada, except that 
they are perhaps slightly more regular in their growth than is usually 
the case with the latter. 

Position and locality : Corniferous limestone, Sandusky, Ohio. 

Genus PHILLIPSASTR^EA, D'Orbigny, 1849. 

( Note sur des Polypiers Fossiles, p. 2.) 

Phillipsastrjea gigas, Dale Owen. 

Astrsea gigas, Dale Owen ; Geol. Survey Iowa, etc., p. 70, pi. 14, fig. 7, 1844. 
Phillipsastrsea gigas, Billings ; Canadian Journal (new series), Vol. IV., p. 128. 

Corallum forming large spherical or hemispherical masses, the surface 
of which is covered with corallites averaging about one inch in diam- 
eter. The width of the calices is from five to six lines, and the corallites 
are destitute of walls and united with one another by the confluence of 

16 
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their septa throughout their entire height. The number of the septa 
appears to be about fifty, rising to fifty-six, and they carry arched striae 
on their sides and spine-like processes on their edges, as is the case in 
the genus Heliophyllum. 

All the examples I have hitherto seen of this species are more or less 
imperfectly preserved, and do not show minute details of structure in a 
satisfactory manner. The species is, however, readily distinguished 
from its companion form, P. Verneuilli, Edw. and H., by its much larger 
corallites. 

Position and locality : Oorniferous limestone, Erie county, Ohio. 
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AMORPHOZOA. 

Genus STROMATOPORA. 

The genus Stromatopora comprises a number of somewhat enigmatical 
fossils from the Silurian and Devonian formations which have sometimes 
been referred to the Sponges, sometimes to the Foraminifera, and some- 
times to the true Corals, though there can be little doubt as to their truly- 
belonging to the first of these. The form of the fossils placed under 
Stromatopora is not constant, though they usually occur as smaller or 
larger spheroidal, pyriform, depressed, or amorphous masses, which some- 
times attain a very considerable size. At other times they present them- 
selves as more or less extensive, thinner or thicker expansions, the under 
side of which is furnished with an epitheca. Whatever may be their 
shape and size, the fossils properly referred to Stromatopora all agree with 
one another in their intimate structure. They all consist, namely, of a 
system of calcareous laminse, which are disposed concentrically round 
one or more imaginary centers in the massive species, and are success- 
ively superimposed in sheets parallel with the upper and lower surfaces 
in the expanded forms. The concentric or horizontal laminae are sep- 
arated by interlaminar spaces, which are crossed by numerous delicate 
perpendicular pillars or calcareous dissepiments, so that the entire mass, 
when viewed in vertical section, appears to be composed of rows of quad- 
rangular compartments or cells. The concentric laminae, further, are perfo- 
rated in many, if not in all the species of the genus, by minute rounded or 
sinuous apertures or pores, by means of which the successive interlam- 
inar spaces are placed in communication with one another. Lastly, in 
many, if not in all cases, the surface of the mass can be shown to exhibit 
a comparatively small number of large, rounded apertures, leading down 
into canals which perforate its substance. 

Upon the whole, I can not doubt that the structures above-mentioned 
as characteristic of Stromatopora are such as to necessitate the reference 
of the genus to the Calcareous Sponges, rather than to either the Fora- 
minifera or the Coslenterata. The concentric or horizontal lamina and the 
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vertical dissepiments represent two intersecting series of spicules, which 
are more or less completely amalgamated with one another. The minute 
crowded perforations, which pierce the concentric laminae and place the 
interlaminar spaces in communication, may be regarded as representing 
the inhalant apertures or " pores" of a sponge; whilst the large super- 
ficial openings, and the large canals connected therewith, can hardly cor- 
respond with anything else than the exhalant apertures or "oscula" 
and the excurrent canals of an ordinary sponge. 

The Devonian rocks of Ohio, like those of the same age in Canada, 
yield a number of large and interesting forms of Stromatopora, of which 
most appear to be new. They also yield examples of certain related 
forms, which I shall describe as a new genus, or sub-genus, under the 
name of Syringostroma, Lastly, I have found it necessary to establish 
another genus, or sub-genus, which I have named Dictyostroma, for the re- 
ception of an extra-limital form from the Niagara limestone, which I 
have introduced here on account of its affinity to the preceding. 



Stromatopora ponderosa, Nicholson. 

Plate 24, figs. 4,46. 

Sarcodeme formin g a large sub-spherical mass, composed of numerous cal- 
careous lamina} disposed concentrically round an imaginary center, about 
nine of them occupyi rig the space of one line. Interlaminar spaces crossed 
by delicate vertical dissepiments, of which about five occupy the space of 
one line. Surface undulated with numerous irregular rounded prom- 
inences, which vary in height and in remoteness, but which have not 
their summits perforated by any apertures. These prominences, as well 
as the surface between them, are covered by small rounded tubercles, the 
apices of which are in many instances clearly perforated by small circu- 
lar openings. About six of these tubercles occupy the space of one line ; 
they are about one hundredth of an inch in height, separated from one 
another by about their own width, and they are always distinct and do 
not coalesce or inosculate with one another. The surface also exhibits a 
, few large circular apertures, which are irregularly distributed in small 
groups, and have a diameter of from one to t wo lines. These large apertures 
have not elevated lips, but are flush with the general surface, and they 
are the openings of large cylindrical canals which perforate the substance 
of the mass. 

This remarkable species is nearly allied to S. tuberculata, Nich., from 
which, however, it is distinguished by the following characters : 1. In- 
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stead of forming extended crusts, as the latter species does, S. ponderosa 
constitutes a ponderous and compact sub-spheric mass. 2. The surface 
is not simply undulated, but exhibits also prominent, rounded, nipple- 
shaped eminences, the disposition of which is very irregular. 3. The 
large apertures (" oscula ") are much larger than they are in S. tuberculata 
(twice the size or more), and are arranged in small groups of two or three. 
4. The tubercles which cover the surface are smaller, and are always dis- 
tinct and separate from one another. 5. The laminated tissue is closer, 
and the concentric laminse more delicate. 

There can be little doubt as to the propriety of referripg S. ponderosa 
to the Sponges. The surface not only exhibits groups of large rounded 
apertures or " oscula," but also numerous minute openings perforating 
the surface-tubercles, and doubtless corresponding with the " pores." The 
perforation of the surface-tubercles would lead to the supposition that 
the similar eminences in S. tuberculata (as I previously conjectured) are 
likewise perforated, and are also of the nature of " pores." This suppo- 
sition, however, does not rest upon the analogy derived from S. ponderosa, 
for I have recently obtained magnificent specimens of S. tuberculata show- 
ing that many of the surface-tubercles have their apices very distinctly 
perforated. 

The only specimen which I have seen of S. ponderosa is a large sub- 
spherical mass, cut in half and polished on one side. The mass is im- 
perfect, but its vertical height is over five inches, and its transverse 
diameter must have exceeded half a foot when complete. Its base is 
broken, and its method of attachment is therefore unknown. The sur- 
face exhibits nine oscula, arranged in two groups, which are placed about 
an inch and a half apart. 

Position and locality : Corniferous limestone, Kelley's Island, Ohio. 



Stromatopora concentrica, Groldfuss. (?) 

Stromatopora concentrica, Goldfuss; Petrel, pi. 8, fig. 5. 
Stromatopora concentrica, Phillips; Pal. Foss., pi. 10, fig. 28. 
Slromatopora concentrica, McCoy; Pal. Foss., p. 65. 

The Corniferous limestone of Ohio yields specimens which may with 
much probability be referred to this classical species, but as the examples 
in question exhibit no part of the actual surface, any thing like absolute 
certainty of identification is rendered an impossibility. The reticula- 
tion and lamination of the specimens would, however, agree tolerably 
with that of S. concentrica, Gold, (though not so coarse), and the various 
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layers wrap round one another smoothly, without exhibiting any prom- 
inences, tuberculated surfaces, or mammillations. There are about five 
laminae in the space of one line; the vertical dissepiments are very slen- 
der, and often do not pass completely from one laminae to another, and 
the vesicular compartments or cells open on the surface of each laminae 
by crowded and very minute rounded or vermicular perforations. 

Position and locality : Corniferous limestone, Kelley's Island, Ohio. 



Stromatopora sub-striatella, Nicholson. 

Plate 24, figs. 5, 5a. 

Sarcodeme forming a large sub-spherical mass, composed of very deli- 
cate concentric layers, of which about ei?ht occupy the space of one line. 
Vertical dissepiments very slender, often incomplete ; about ten to four- 
teen cells in the space of one line. Surface of the mass smooth, non- 
tuberculated and non-granulated, without eminences of any kind. The 
concentric laminae are perforated by exceedingly minute, pin-like, or 
vermicular perforations, which are arranged so closely as to give to the 
surface a nebular appearance, and which permit the different strata of 
cells to communicate with one another. In addition to these very minute 
openings, the surface shows a number of larger apertures, of a circular 
form, and varying in diameter from a quarter of a line to half a line, 
and placed at intervals apart of from two to six lines, though sometimes 
closer. These openings are not elevated above the general surface, and 
they are the mouths of canals leading down into the interior of the mass. 
They are doubtless of the nature of " oscula." 

The specimen from which the above description is taken is a sub-hem- 
ispheric mass, growing upon a large Brachiopod, and strongly arched 
above. Its height is about four inches, and its diameter at the base 
three inches. 

I have some hesitation in separating this form from the Silurian S. stria- 
tella, D'Orb., of which it may ultimately prove to be only a variety. The 
lamination of 8. striatella, however, is considerably finer — eelven to twelve 
layers occupying the space of one line — whilst the comparatively large 
and remote oscula of 8. sub-striatella can hardly be supposed to be identi- 
cal with the tubes described by McCoy (Pal. Foss., p. 13) as travers- 
ing the laminated tissue of the former species. This eminent palaeon- 
tologist states that in S. striatella the "upper and under surfaces of 
slightly weathered specimens" exhibit "vertical vermicular perfora- 
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tions, about one-fourth of a line in diameter, passing nearly at right 
angles through the numerous layers composing the mass, at intervals 
varying from one to two lines apart." 

From the other recorded species of Stromatopora the present species is 
readily distinguished by its massive and rounded form, its smooth sur- 
face, remote oscula, and the characters of the lamination. 

Position and locality : Corniferous limestone, Marblehead, Ottawa county, Ohio. 

Stromatopora nodtjlata, Nicholson. 

Plate 24, figs. 3, 36. 

Sarcodeme forming an irregular mass, the precise form and dimensions 
of which are unknown, though it evidently attained a great size. The 
mass is composed of concentric laminse of great thickness, from four to 
six occupying the space of one line. The interlaminar spaces are pro- 
portionately reduced in height, and are crossed by calcareous pillars, 
which give rise to a number of little oval or circular compartments, 
about six of which oecupy the space of one line. Both the horizontal 
laminae and the vertical pillars are, however, so thick that the cellular 
compartments produced by their intersection are reduced to minute 
rounded cells of unequal sizes in successive layers. The compartments 
or cells are usually placed successively, one above another, in vertical 
rows, giving the section of the fossil a very characteristic appearance. 
The surface of the mass (which does not seem to be the true surface), is 
covered with large and close-set, regularly disposed, nipple-shaped or 
conical eminences, which are arranged in diagonal lines, each having a 
height of two lines, and a diameter at the base of about five lines, and* 
being placed about one line apart at their bases. Similar mammillated* 
surfaces occur throughout the mass at different levels. These large and. 
regular rounded elevations show no sign of being perforated at their 
summits by any apertures of sufficiently large size to be considered as- 
"oscula," nor are any traces of such to be detected elsewhere. The 
entire surface, however, both generally and of the mammillations,, is. 
covered with very minute rounded or elongated perforations, which have 
often a sinuous or vermicular form, and appear to lead into the successive 
interlaminar cells. These minute pores are not only extremely small, 
but are excessively crowded, and on the elevations above spoken of they 
are arranged more or less in lines radiating from' the summit. Except 
for these perforations, the surface is smooth, and there are no tubercles 
or granules. 



250 PALAEONTOLOGY OF OHIO. 

The specimen from which the above description is taken is imperfect, 
but forms a nearly plain mass, about half a foot in length by four inches 
in width, and about one inch and a half in thickness. The speci- 
men does not, however, exhibit the margins, the true surface, or the 
under side, and the entire mass must, therefore, have been of very large 
size. 

The density of the vesicular tissue of this species is so great, and the 
cellular compartments are so reduced in size, that it may, perhaps, be 
properly regarded as belonging to the genus, or sub-genus, Syringostroma, 
rather than to Stromatopora proper. I can not, however, discover that 
the mass is permeated by any system of canals running parallel with the 
surface, and I have, therefore, retained it in the meanwhile in Stromato- 
pora. 

In some respects S. nodulata resembles certain of the forms included 
by Goldfuss under the name of Stromatopora polymorpha; but the descrip- 
tion of the internal structure of this species is too insufficient to allow 
of any comparison, whilst Goldfuss has clearly included more than one 
form under this head. The present species, also, is distinguished by ex- 
hibiting no perforations at the summit of the nipple-shaped superficial 

iprominences, by the fact that the eminences in question are perfectly 
regular in size and arrangement, and by the great dimensions of the 

. entire mass. 

The characters which distinguish S. nodulata, when taken in combina- 
tion, may be summed up as follows : 1. The laminas and vertical rods 

. are so thickened as to reduce the size of the cellular compartments of the 
organism to a great extent, and the cells are generally placed one above 
the other in more or less regular vertical lines. 2. The cells of each suc- 
cessive layer open into those of contiguous strata by means of closely 
approximated rounded or sinuous perforations, the cells of the uppermost 
layer doubtless communicating in a similar fashion with the exterior 

■ medium. 3. The surface is not tuberculated or granulated, but is smooth, 
and is covered with numerous large rounded or nipple-shaped elevations, 
which are very uniform in size and height, and are disposed in diagonal 
lines placed at small intervals apart. 4. The eminences just mentioned 
are not perforated by any openings other than the minute ones which 
closely cover the entire surface ; and there have, therefore, been hitherto 
detected no traces of " oscula " or exhalant apertures. At the same time, 
such apertures doubtless existed, and will be found in more perfect ex- 
amples. 5. Surfaces covered with the nipple-shaped eminences above 
spoken of occur at various levels throughout the mass, which would 
thus appear to have increased in size by the periodic formation of con- 
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centric crusts. 6. The entire organism must have attained a very large 
size. 

Position and locality : Corniferous limestone, Kelley's Island, Ohio. 

Genus SYRINGOSTROM A^Nicholson. 

Sponge-mass calcareous, massive, composed of concentric laminae and 
vertical pillars, which are so thickened and so amalgamated with one 
another as to leave nothing but the most minute rounded cells. Lamin- 
ated tissue traversed by numerous irregularly disposed horizontal canals, 
which run parallel with the general surface, and are of comparatively 
large sizi. Surface exhibiting more or less distinct rounded or vermicu- 
lar apertures of small size. 

The fossils which I have included under this head may, perhaps, con- 
stitute only a sub-genus of Stromatopcra, but I have thought it best to 
separate them in the meanwhile as a distinct genus. They agree with 
the species of Stromatopora in their general form, and in the fact that 
their structure is composed of laminated tissue ; but this tissue is extra- 
ordinarily close and dense, and it is traversed by numerous irregular 
horizontal canals or tubes, which run approximately parallel with the 
surface, and which constitute a most conspicuous feature. Nothing of 
this nature can be detected in the species of Stromatopora proper. 

The two following species of Syringostroma have come under my notice 
as occurring in the Corniferous limestone of Ohio. 

Syringostroma densa, Nicholson. 

Plate 24, figs. 2, 26. 
Sarcodeme apparently forming irregular masses or thick crusts, com- 
posed of an exceedingly dense calcareous tissue containing very minute 
cells. This tissue is probably essentially composed of successive con- 
centric laminse, separated by vertical dissepiments ; but its density is so 
great that it may be regarded in practice as a mass of laminated cal- 
careous matter in which excessively small but numerous cellular com- 
partments are excavated. Not only are these cells extraordinarily small, 
but they are only now and then arranged in horizontal lines, and they 
often assume the form of minute tubuli passing through more than one 
layer. Hence it i- impossible to count the number of lamina? or rows of 
cells in a given vertical space, and it can only be said that the mass is 
denser and the cells more minute than in any known species of Stromato- 
pora, whilst, nevertheless, the composition of the whole out of concentric 
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laminae is very conspicuous. The mass is traversed by numerous very 
irregularly disposed horizontal canals which run nearly parallel with 
the surface, have a diameter of usually from one-fifth to one-fourth of a 
line, and are placed at intervals apart of from one-third of a line to 
about one line. The upper surface exhibits two distinct sets of aper- 
tures— -firstly, a series of very minute and crowded perforations, which 
doubtless correspond with the cells of the mass ; and, secondly, a larger 
set of apertures, which are very irregularly distributed, and are likewise 
very numerous. These latter apertures are circular, have a diameter of 
from one-eighth to one-fifth of a line, are placed at intervals of from one- 
fourth to one-half line apart, and are almost certainly the apertures of a 
series of vertical canals. 

As regards the additional characters of the surface, the specimens 
differ so materially that I can not with certainty affirm that they belong 
to the same species. In the most typical examples the surface is undu- 
lating, and exhibits numerous star-like, not elevated, impressions, formed 
of vermicular bifurcating horizontal canals, which radiate from a central 
point. When partially decorticated, it is seen that these radiating 
canals have a distinct calcareous lining, and, whilst in the main hori- 
zontal, some of them penetrate the mass obliquely, and thus pass below 
the actual surface. The diameter of these star-like impressions is about 
half an inch, or rather less ; they are placed close together over the whole 
surface. Another specimen, very much weathered, shows a smaller 
number of the above-named stellate impressions, and also exhibits a 
great number of small circular pits or depressions, from a line to a line 
and a half in diameter, and placed about their own width apart. The 
nature of these depressions could not be made out. A third example 
(like the others, only a fragment, though of large size) exhibits a simply 
undulated surface, with but obscure indications of any stellate impres- 
sions. 

All the examples that I have seen of this singular species are frag- 
mentary, and consist of flattened or undulated crusts, three or four inches 
across, and from half an inch to one inch in thickness. It is quite prob- 
able, however, that they are only pieces from the exterior of large spheri- 
cal or hemispherical masses. 

It is possible that the Stromatopora constellata of Hall (Pal. N. Y., Vol. 
II., p. 324, pi. 72, figs. 2, 2b), from the Coralline limestone of Schoharie, 
may prove, on more minute examination, to be referable to Syringos- 
troma; but, in any case, it is clearly distinct from the present species. 

Position and locality : Corniferous limestone, Kelley's Island, and Sandusky, Ohio. 
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Syringostroma columnaris, Nicholson. 

Plate 24, figs. 1,1a. 

Sarcodeme forming a sub- spherical (?) mass of large size, composed of 
extraordinarily delicate calcareous concentric laminse (apparently about 
twenty in the space of one line), separated by vertical dissepiments. 
The entire mass is traversed by a series of vertical columns, about half 
a line in diameter, and placed at distances apart of from one-half to two- 
thirds of a line, the upper ends of which protrude above the upper sur- 
face as a series of small, close-set, rounded elevations or tubercles, Each 
of these vertical columns is formed by an upward curvature of the con- 
centric laminse of the mass, and is quite solid, the cells and vertical dis- 
sepiments being wanting here, and the successive concentric laminse 
being in actual contact. On the other hand, in the spaces between the 
columns the concentric laminae are curved downward, and are separated 
by interspaces crossed by vertical dissepiments. There is thus produced 
a system of cells similar to those of Stromatopora proper, the dissepi- 
ments, however, being extremely thick, and the cells extraordinarily 
minute. Besides the true cells, the intercolumnar spaces show larger 
circular openings, which usually have a diameter of from one-fourth to 
one-third of a line, and are the apertures of a series of canals running 
parallel with the surface. These horizontal canals are irregularly dis- 
posed, though often placed in vertical rows, and they are fewer in num- 
ber than in the preceding species. 

The surface is covered with numerous low, rounded elevations, nearly 
one line in diameter, and placed about half a line apart. The central 
portion of these elevations is formed by the projection above the surface 
of the vertical columns before noticed, and round this central area, in 
the best preserved portions of the surface, is seen a row of minute 
rounded apertures, which have a diameter of about one-sixth of a line, 
and are doubtless the openings of a series of vertical canals. There are 
indications that the surface between the tubercles is perforated with still 
more minute openings, corresponding with the cellular compartments of 
the mass, but I have not been able to determine this in a satisfactory 
manner. 

The specimen described is a fragment about six inches long and eight 
lines in thickness, apparently derived from the exterior of a large mass. 

The species can not possibly be confounded with any other, as its 
characters are entirely unique. 

Position and locality : Corniferous limestone, Sandusky, Ohio. 
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Genus DICTYOSTROMA, Nicholson. 

Sponge-mass forming a polymorphous or hemispherical mass of con- 
siderable size, composed of concentrically arranged undulating layers, 
which surround an imaginary center, but which are not composed of 
finer laminae. These layers apparently have their substance traversed 
by horizontal canals, and each sends up from its upper surface a series of 
prominent, pointed, and apparently hollow processes or papillae, which, 
without being amalgamated with it, support the layer next above, like 
so many pillars. The outermost layer of all, forming the exterior of the 
whole mass, is destitute of these processes, smooth, and apparently solid, 
except for the presence of irregularly disposed rounded or circular per- 
forations (oscula), which penetrate the mass more or less vertically, and 
have a comparatively large size. 

This genus is nearly allied to Stromatopora, especially to such forms as 
S. tuberculata, Nich. ; but it exhibits differences which seem to be of 
generic value. The sarcodeme is composed of concentrically arranged 
layers, but these are of comparatively enormous thickness, and are not 
composed of subordinate layers. The concentric laminae, when viewed 
in section, further exhibit oval or rounded apertures, which appear to be 
the sections of horizontal tubes. In Stromatopora, again, the concentric 
laminae are traversed by a fine and closely arranged system of vertical 
and apparently solid dissepiments, which often appear to pass continu- 
ously through several layers, and are amalgamated with the laminae 
which they separate. In Dictyostroma, on the other hand, the different 
layers of which the mass is composed give off from their upper surfaces 
a series of strong, apparently tubular, more or less vertical pillars or 
processes, upon the apices of which the next layer above seems to repose, 
without the occurrence of any direct union between the two, so far as 
can be determined. Distinct oscula are present in Dictyostroma, as in 
most of the species of Stromatopora, but I have detected no evidence of 
" pores." 

The following is the only species of the genus which has come under 
my notice : 

DlCTYOSTKOMA UNDTJLATA, Nicholson. 

Plate 24, figs. 6, 6c. 

Sarcodeme composed of concentrically arranged layers, which have a 

thickness of nearly one-third of a line, and are separated by intervals of 

nearly the same width, so that about four layers are present in a vertical 
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space of two lines. The layers are undulating, and conform in their 
flexures to one another, and they show no signs of being composed of 
secondary laminae. They commonly exhibit, however, on their edges 
what appear to be the mouths of tubes traversing them horizontally. 
The upper surface of all the successive layers, except the outermost, is 
studded with pointed or elongated processes, which, when broken across, 
show a central cavity, and which extend to the under surface of the layer 
next above. The height of these processes is about one-third of a line 
and three or four of them occupy the space of one line. The successive 
layers rest upon the points of these processes apparently without being 
united with them. The outermost layer of all is smooth and undulating, 
and exhibits a few irregularly disposed, circular or oval apertures, which 
are placed at varying intervals apart, and have a diameter of about one 
line. 

Dictyostroma undulata in appearance resembles a greatly magnified 
Stromatopora; but the differences to which attention has been drawn in 
the above description seem to be sufficient for its characterization as the 
type of a new genus. 

Position and locality: Niagara group, Louisville, Kentucky. From the cabinet of 
Prof. Edward Orton. Collected by Rev. H. Hertzer. 
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POLYZOA FROM THE SILURIAN FORMATION. 



MOLLUSCA. 

POLYZOA. 

Genus PTILODICTYA, Londsdale, 1839. 
(Murchison's Sil. Syst., p. 130.) 

Ptilodictya falciformis, Nicholson. 

Plate 25, figs. 7, 76. 

Polyzoary consisting of a single unbranched, or slightly branched, 
elongated, flattened, narrow, and two-edged frond, the form of which is 
more or less curved and falciform, and which gradually expands from a 
pointed base till it reaches a width of two lines within a distance of less 
than half an inch above the base. The total length may exceed two 
inches, but the width rarely or never exceeds two and a half lines. The 
transverse section is acutely elliptical, the thickness in the middle not 
exceeding half a line, and the flat faces of the frond are very gently 
curved, and are not angulated. No central axis can, as a rule, be made 
out with certainty, though the existence of such can sometimes be 
demonstrated. The edges of the frond are thin and sharp, formed by a 
narrow band, which is longitudinally striated, and, when perfect, is per- 
forated by the apertures of minute imperfect cells, which have a longi- 
tudinal direction. Both sides 'of the frond are celluliferous, the cells 
being apparently perpendicular to the surface, and being arranged in in- 
tersecting diagonal lines, which form angles of about thirty degrees with 
the sides of the frond, and thus cut one another at sixty degrees. The 
mouths of the cells are oval, or somewhat diamond-shaped, their long 
axis coinciding with the axis of the frond, alternately placed in contigu- 
ous rows, about eight in the space of one line measured diagonally, and 
ten in the same space measured transversely, the ,outermost rows very 
slightly smaller than the others. Walls of the cells moderately thick ; 
no surface-granulations, tubercles, spines, or elevated lines. The mouths 



260 PALEONTOLOGY OF OHIO. 

of the cells parallel with the general surface, neither lip being especially 
prominent, and the plane of the aperture not being oblique. 

As a general rule, the polyzoary is simple, unbranched, and falciform. 
I have, however, seen, in the fine collection of Mr. Dyer, of Cincinnati, 
some specimens in which the frond bifurcates at its distal extremity, and 
at least one example in which it splits into three divisions. I have also 
seen examples of what may prove to be a distinct species, in which the 
frond is very much wider than is normally the case. 

This beautiful form is allied to Ptilodictya {Escharopora) recta, Hall, on 
the one hand, and on the other hand to P. lanceolata, Goldfuss, P. gladiola, 
Billings, and P. sulcata, Billings. The specimens from which the above 
description was taken were -sent to me with the label of " Escharopora 
recta " attached to them ; and at first sight they closely resemble this 
species, especially in the disposition of the cells in intersecting diagon- 
als of extreme regularity. It is certain, however, that they are distinct 
from Hall's species, the chief differences consisting in the fact that the 
frond of P. falciformis is greatly flattened, and is regularly curved and 
sabre-shaped, instead of being straight, whilst the edges are sharp and 
longitudinally striated, and carry only a few imperfect cells. On the 
other hand, the frond of Escharopora recta is " cylindrical or sub-cylindri- 
cal," instead of having an acutely elliptical transverse section ; there do 
not appear to be any non-poriferous margins ; and no mention is made of 
the striated laminar axis, which is unquestionably present in P. falci- 
formis. Hall states that Escharopora recta is not branched, but possesses 
root-like processes. Judging, however, from his figures, it would seem 
probable that his specimens have been drawn and described in an in- 
verted position, and that the frond is in reality dichotomously branched. 
(See Pal. N. Y., Vol. I., pi. 26, fig. la.) 

From Ptilodictya lanceolata, Goldfuss (Petref., pi. 37, fig. 2), the present 
species is readily distinguished by, more especially, the disposition of the 
cells, which are in regularly intersecting diagonal lines ; whereas in the 
former there is a central series of longitudinally arranged cells, flanked 
on each side by diagonal rows directed in opposite directions, like the 
barbs of a feather. 

"With Ptilodictya gladiola, Billings (Cat. Sil. Foss. of Anticosti, p. 10)) 
our species agrees in the. shape of the frond; but it is proportionately 
twice as wide, whilst the cells are oval, instead of being rectangular or 
oblong, and are disposed in decussating diagonals, instead of constituting 
longitudinal rows, as in the former species. 

Lastly, Ptilodictya sulcata, Billings (loc. tit., p. 35), whilst resembling 



POLYZOA FKOM THE SILTJKIAN FOKMATION. 261 

P. falciformis in shape, is distinguished by the nearly square cells, with 
intercellular sulci, and by the fact that the cells are arranged in longi- 
tudinal lines. 

Position and locality: Not uncommon in the Cincinnati group, near Cincinnati. 
The specimens described are from the cabinet of Mr. U. P. James. 

Ptilodictya emacerata, Nicholson. 

Plate 25, figs. 5, 56. 

Polyzoary consisting of minute, narrow, linear fronds, which branch 
dichotomously, and have the form of a much flattened, acutely pointed 
ellipse in transverse section. Width, one-third of a line ; length, of 
largest specimen observed, two lines. Cells elliptical, their long axis 
corresponding with that of the branches, about six or seven in the space 
of one line measured longitudinally. There are four, five, or, rarely, six 
rows of cells in the frond. When four rows of cells are present, the two 
central rows are longitudinal, and one row on each side is composed of 
cells directed in an obliquely ascending manner. When there are five 
rows, as seems to be most commonly the case, the three central rows are 
longitudinal, and a row on each side is oblique. When there are six 
rows of cells, two central ones are longitudinal, and two on each side are 
oblique. The cell-mouths are much longer than wide, and each row is 
separated from the next by an elevated line. The lateral margin of the 
frond on each side forms an obtuse non-celluliferous edge, the width of 
which is so small that it can not always be detected. A central axis 
was not clearly determined, but such a structure is doubtless present. 

The only previously recorded species of the genus with which Ptilo- 
dictya emacerata presents any close resemblance is P.fragilis, Billings, 
from strata of about the same age in Anticosti (Cat. Sil. Foss. of Anti- 
costi, p. 9). Our species, however, is distinguished from the latter by its 
uniformly more minute dimensions, the smaller number of rows of cells 
in the frond, and the possession in general of no more than a single row 
of oblique cells on each side. P.fragilis, on the other hand, has a width 
of from two-thirds of a line to one line, with from eight to ten rows of 
cells, and two or three rows of oblique marginal cells on each side. It is 
possible our form is only a variety of P.fragilis; but in the absence of 
figures of the latter, and in the face of the differences above mentioned, 
I think it safest, in the meanwhile, to regard P. emacerata as a distinct 
species. 

Position and locality : Cincinnati group, near Cincinnati. The specimens described 
are from the collection of Mr. 17. P. James. 
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Ptilodictya f lagellum, Nicholson. 

Plate 25, figs. 4, 46. 

Polyzoary consisting of a single, narrow, unbranched, two-edged, flat- 
tened frond, which has an acutely elliptical section. The frond com- 
mences at an attenuated base, and gradually expands till a width of one 
line is reached, the total length in the only specimen examined being 
eight lines. The general form of the frond is falciform, but towards the 
base it is alternately bent from side to side in a flexuous manner. The 
cells are arranged in longitudinal rows, about ten rows in the space of 
one line, the cells of contiguous rows alternating with one another. The 
cell-mouths, when most perfect, are narrow and long-oval ; when worn, 
sub-circular; and the rows of cells are separated by strongly elevated 
ridges. The non-celluliferous margins of the frond are inconspicuous; 
and the central axis, though doubtless present, was not clearly deter- 
mined. 

The species most nearly resembles Ptilodictya gladiola, Billings, from 
which it is distinguished by its much smaller size and less width, and 
by its flexuous form. Prom P. falciformis, Nich., it is separated not only 
by the above characters, but also by the longitudinal arrangement of the 
cells. 

Position and locality : Cincinnati group, Lebanon, Ohio. Collected by Prof. Edward 
. Orton and Mr. W. H. Bean. 



Ptilodictya (?) arctipoea, Nicholson. 

Plate 25, figs. 9, 96. 

Polyzoary forming a cylindrical, slightly branched frond, which is not 
sharp-edged, exhibits no non-celluliferous borders, and shows no traces 
of a central laminar axis. Cells arranged in obscurely longitudinal, 
alternating rows, apparently perpendicular to the surface, and radiating 
in all directions from an imaginary axis. Cell-mouths very much com- 
pressed, much longer than wide, expanded below, and attenuated superi- 
orly, where they are often somewhat twisted and bent. Upon the whole, 
the cells are pyriform in shape, with their narrow ends directed upwards, 
about eight in the space of one line measured vertically, and twelve in 
the same space measured diagonally. The cells are not always in con- 
tact, especially in their upper portion, and their borders are always dis- 
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tinctly marked off by impressed lines ; but they are not arranged be- 
tween elevated longitudinal lines. The margins of the cells are very 
thick and conspicuous, not granulated, tuberculated, or spinigerous. 

The best preserved fragment examined had a length of eight and a 
half lines, dividing at its summit into two branches, its diameter being 
rather more than one-third of a line. 

From its cylindrical form, and the absence of a laminar axis or of non- 
poriferous margins, it would seem certain that this singular form is not 
a Ptilodictya; but I am at a loss to know where it should properly be 
placed, its minuteness rendering it very difficult to make out the details 
of its internal structure, and thus leaving its generic affinities uncer- 
tain. It has, however, some affinity with Ptilodictya (f) raripora, Hall, 
from the Clinton group; and I have, therefore, retained it provisionally 
in this genus. 

Position and locality : Cincinnati group, Cincinnati. From the cabinet of Mr. U. P. 
James. 

Ptilodictya fenestelliformis, Nicholson. 

Plate 25, figs. 8, 86. 

Polyzoary palmate or sub-palmate towards the base, dividing distally 
into small branches. Basal expansion and branches flattened and sharp- 
edged, the branches being acutely elliptical in cross section, and about 
three-fourths of a line in thickness centrally. Cells covering the whole 
surface on both sides, with the exception of the sharp lateral margins, 
and of certain non-poriferous areas to be afterwards noticed. The cells 
on the two aspects of the flattened frond have their bases separated by a 
thin laminar axis. The cells in the middle of the frond are about three- 
eighths of a line in height, gradually diminishing towards the margins. 
Cell-mouths ovate, slightly longer than broad, arranged in longitudinal 
rows, alternate or sub-alternate in contiguous rows. About five cells in 
one line measured longitudinally, and six in the same space measured 
diagonally. The longitudinal spaces between the rows of cells are broad 
and slightly elevated, and are faintly striated longitudinally, or obscurely 
punctate. On the other hand, the spaces between the ends of the cells 
are very much narrower; and the surface thus closely resembles that 
of a small Fenestella, the cell-mouths looking like " fenestrules," the 
longitudinal interspaces between the cells representing the " interstices," 
and the narrow spaces between the ends of the cells corresponding with 
the " dissepiments." The only specimens examined exhibit numerous, 
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apparently solid, rounded or stellate areolse, of an average diameter of 
two-thirds of a line, which are not occupied by the cells, but which ex- 
hibit an obscurely pitted surface. 

In its superficial characters this form might readily be taken for a 
Fenestella, whilst the character last mentioned gives it somewhat the 
aspect of certain species of Cheetetes (Monticulipora). Its internal struc- 
ture, however, proves it, beyond all question, to be a genuine Ptilodictya; 
and I am not acquainted with anj other species of the genus with which 
it could be confounded. 

Position and locality: Cincinnati group, Cincinnati, Ohio. The specimens examined 
are from the cabinet of Mr. U. P. James. 



Fenestella nervata, Nicholson. 

Plate 25, figs. 11, 11a. 
Frond fan-shaped, (?) composed of narrow, closely approximated 
branches, about four or five of which occupy the space of one line. On 
the non-celluliferous side of the frond are two strong, slightly diverging, 
rounded ribs, about half a line in diameter, resembling the midribs of a 
multicostate leaf. From the sides of these ribs the branches spring 
obliquely, being directed in opposite directions on opposite sides of the 
rib, with which they make a very acute angle (ten degrees or less). 
Fenestrules long and narrow, nearly twice as long as wide, about three 
in the space of one line measured vertically, and five in tne same space 
measured transversely. For the most part, the fenestrules do not alter- 
nate in contiguous rows, but are placed opposite to one another. The 
narrow and rounded dissepiments are thus also placed nearly or quite 
opposite to each other. Branches faintly striated in a longitudinal 
direction. Celluliferous side unknown. 

The example of this species from which the above description is taken 
is imperfect, and the ribs from which the branches rise are placed two 
lines apart near the base, and four lines apart near the summi t. It 
would seem most probable that the ribs spring from a common root, and 
that there were many of them in the perfect frond. The species is dis- 
tinguished not only by the possession of these ribs, but also by the long, 
narrow fenestrules, which are not placed alternately, but are so disposed 
that the dissepiments connecting contiguous branches become opposite 
or sub-opposite. 

Position and locality : Summit of the Niagara formation (in strata representing the 
Guelph formation of Canada), Cedarville. Collected by Prof. Edward Orton. 
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Genus CERAMOPORA, Hall, 1852. 

(Pal. N. Y., Vol. II., p. 168.) 

Ceramopora Ohioensis, Nicholson. 

Plate 25, figs. 10, lOe. 

Polyzoary incrusting, forming thin expansions attached to the surface 
of Brachiopods or Corals, and consisting, typically at any rate, of a 
single layer of oblique cells. Cells arranged in intersecting diagonal 
lines, and disposed in a somewhat concentric manner round more or 
fewer central points ; their upper walls thin and arched ; the cell-mouths 
oblique, and, when most perfect, semicircular in shape. About eight 
cells in the space of one line. 

Such are the appearances presented by this fossil when quite perfect, 
and its examination in this condition leaves no doubt as to the propriety 
of placing it in Hall's genus Ceramopora. Worn examples, however, ex- 
hibit very different characters, and when the entire original surface has 
been abraded it is sometimes difficult or impossible to determine 
whether one is dealing with this or some entirely different form. 

When slightly worn, the appearances shown in fig. 106 are exhibited. 
The delicate front wall of the cell has now disappeared, and the cavity 
of the cell appears to be divided into two distinct compartments, a larger 
and a smaller, both of a somewhat triangular shape, by an oblique in- 
ternal septum. Other smaller cavities appear in addition in the walls 
separating the different cells. 

When more deeply worn down, or under certain conditions not clearly 
understood, the cells (figs. 10c and lOd) appear in the form of rounded or oval 
apertures, arranged in diagonal rows, but separated by a vast number of 
small rounded foramina, which appear to be the mouths of interstitial 
tubuli. In this condition the fossil presents much the appearance of 
certain species of Chmtetes (Monticulipora). 

The best examples of this singular Polyzoon that I have seen grow in 
the form of thin crusts, rarely exceeding one-fourth of a line in thick- 
ness, upon Strophomena alternata and upon various species of Chsetetes. In 
some examples, it would seem that several layers of cells are superim- 
posed on one another ; but I do not feel satisfied as to the real nature of 
these specimens. Not uncommonly the cells are concentrically disposed 
round a number of irregular areolae, each of which is formed by a num- 
ber of cells radiating from a central point. Young examples form circu- 
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lar crusts, with a slightly cupped center, from which the cells radiate in 
every direction. Lastly, examples are not uncommon which appear to 
have the form of small branching stems. Some of these, certainly, are 
merely constituted by thin crusts growing upon various ramose species 
of Ghxletes. Others, however, appear to be entirely composed of the' 
Polyzoon itself, without the intervention of any foreign body ; and it is 
possible that these will eventually prove to be a distinct species. 

Position and locality : Cincinnati group, Cincinnati. The specimens described are 
from the cabinet of Mr. (J. P. James. 



Genus ALECTO, Lamouronx, 1821. 
Alecto fkoistdosa, James. 

Plate 25, figs. 3, 36. 

.Avlopora frondom, James ; named, hut not figured or described, in the Catalogue of 
Lower Silurian Fossils of the Cincinnati group, 1871. 

Polyzoary creeping, adnate, of reticulating and anastomosing branches, 
"which sometimes become more or less completely confluent, and thus 
give rise to a thin expanded crust, or which may be partially reticulated 
• and partially confluent. When the branches form a network, the 
meshes are usually extremely variable in size and disposition, but they 
are in general more or less oval, and have a long diameter of from half a 
line to a line or more. The cells are uniserial on the narrowest branches, 
but biserial, triserial, or multiserial on other parts of the ccenoecium ; 
elongated and tabular, immersed below, but free towards their aperture, 
the terminal portion of the tube being more' or less elevated above the 
general surface. Cells from six to eight in the space of one line. Cell- 
i mouths terminal, circular, of the same diameter as the tube. 

There does not appear to be any reason for doubting that this is a true 

. Alecto. It is nearly allied to A. auloporoides, especially as regards the size 

and form of the cells ; but the greater width of the branches, and their 

■ common coalescence into crusts, together with the greater number of the 

rows of cells over most parts of the ccenoecium, communicate to the fossil 

quite a peculiar appearance, and appear to be characters of specific 

value. The above description is drawn from type specimens kindly fur- 

; nished by Mr. U. P. James. The examples that I have seen are parasitic 

iupon the valves of Orthis and Strophomena, and upon various species of 

> Chsetetes. 
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I have seen one specimen, in the collection of Mr. Dyer, of Cincinnati, 
in which the spaces between the cells are very minutely porous or tubu- 
lar, and I am informed by Mr. James that a similar specimen exists in 
his cabinet. It is possible these may constitute a distinct species. 

Position and locality : Cincinnati group, Cincinnati, Ohio. 



Alecto auloporoides, Mcholson. 

Plate 25, figs. 2, 2b. 

Polyzoary creeping, adnate, of narrow branches, which divide at more 
or less acute angles, and repeatedly inosculate, so as to give rise to a 
complicated network, the meshes of which are usually more or less ellip- 
tical, and have a long diameter of one line, less or more. Cells tubular, 
partially immersed, but free close to their apertures, sometimes uniserial, 
but more commonly arranged in two alternating rows, and sometimes 
irregularly disposed at the points of anastomosis of the branches. About 
six or seven cells in the space of one line. Cell apertures terminal, cir- 
cular, of the same diameter as the tube, the last portion of the cell being 
more or less conspicuously elevated above the general surface. 

This form seems to have been usually regarded as identical with 
Aulopora arachnoidea, Hall, to which it bears a considerable superficial 
resemblance ; but it is certainly distinct, and it seems to me to be an un- 
equivocal Alecto. It is nearly allied to A. frondosa, James, from which it 
is distinguished mainly by its much more slender habit and graceful 
form, and by its generally having its cells arranged in a single or double 
series. 

Position and locality : Cincinnati group, Cincinnati, growing upon Strophomena alter- 
nate, Conrad. Collected by Prof. Edward Orton and Mr. IT. P. James. 



Alecto conpusa, Nicholson. 

Plate 25, fig. 6. 

Polyzoary adnate, forming thin crusts, which envelop foreign bodies. 
Cells tubular, multiserial, arranged in irregular transverse rows, im- 
mersed towards their bases, free and elevated above the surface towards 
their mouths. Cell apertures circular, terminal, of the same diameter 
as the tube, about five in the space of one line. 

All the examples of this species that I have seen are parasitic on the 
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columns of Crinoids, which they closely embrace and incrust ; and they 
might readily be mistaken for a species of Aulopora, unless care were ex- 
ercised. The species is nearly allied in essentials to the two preceding ; 
but it is distinguished by its constantly forming thin crusts, by its larger, 
more prominent, and more closely and irregularly arranged cells. 

Position and locality : Cincinnati group, Cincinnati. Collected by Mr. U. P. James. 

HlPPOTHOA INFLATA, Hall. 

Plate 25, figs. 1,16. 
Alecto inflata, Hall; Pal. N. Y., Vol. L, p. 77, pi. 26, figs. 7a, 76. 

Polyzoary creeping, adnate, branched, and forming a close but irregu- 
lar network. Branches linear ; cells uniserial, pyriform, each springing 
by a contracted base directly from the cell below ; about four cells in the 
space of one line. Cell-mouths smaller in diameter than the expanded 
end of the cell, sub-terminal, and placed more or less distinctly on the 
front face of the cell.' 

Though in some respects resembling some of the species of Alecto, I 
think there can be no hesitation in referring this beautiful species to the 
genus Hippothoa, Lamouroux, with which it agrees in the form of the 
cells and the position of the cell-mouths. It is very readily distin- 
guished from the species of Alecto just described, by the fact that the 
cells are not at all immersed, by the fact that each cell springs directly 
from another, by the cells being strictly uniserial, and by the position of 
the cell-mouth on the front face of the swollen cell. The cells are distinctly 
pyriform in shape, attenuated below, with a smooth surface, the aper- 
ture being orbicular or oval and destitute of notches or spines. The net- 
work formed by the polyzoary is usually a very close one, the branches 
being given off from the sides of the cells, usually at intervals of from 
half a line to two-thirds of a line. 

All the examples of this species which I have seen are parasitic upon 
Strophomena alternata. Hall's specimens are from the Trenton limestone, 
but there can be no doubt as to their identity with ours. 

Potitim and locality : Cincinnati [group, Cincinnati. Collected by Prof. Edward 
Orton and Mr. U. P. James. 



A REPORT 



ON SOME OF THE 



INVERTEBRATE FOSSILS OF THE WAVERLY GROUP 
AND COAL MEASURES OF OHIO. 



F. B. MEEK. 



To Dr. J. S. Newberry, State Oeologist : 

Dear Sir : I herewith respectfully submit a report on some of the Invertebrate 
fossils collected by the State Geological Survey of Ohio from the subdivisions of the 
Carboniferous system known as the Waverly group and Coal Measures. Preliminary 
notices of some of these fossils were published, without illustrations, a few years 
back, in the Proceedings of the Academy of Natural Sciences at Philadelphia ; and 
the drawings of those here illustrated were subsequently prepared, and are now pre- 
sented along with somewhat more extended descriptions. At the time these draw- 
ings were made, it was intended to give more full illustrations of the fossils of these 
formations, particularly of the Brachiopoda of the Waverly group, which contains 
numerous invertebrate remains that are not here included. As the report on these 
fossils, however, was not to be published until that on some of those of the older rocks 
was issued, work on the former was mainly suspended after the preparation of the 
drawings now submitted, my attention being for some time after devoted to the prepa- 
ration of the published report on some of the Ohio Silurian and Devonian fossils, and 
preparing reports on collections of several General Government Surveys of the West- 
ern Territories. 

A short time before the published report mentioned above was sent to the printer, 
I was prostrated by a severe and protracted attack of sickness, that not only prevented 
me from superintending the publication of the same, but caused an entire suspension 
of work on the Waverly and Coal Measure fossils. A few of the plates of the latter 
report, however, were already engraved ; but when the others were called for I was 
only able to arrange such drawings as were at that time prepared, without regard to 
the original plan, and even without adding others necessary to the complete illustra- 
tion of some of the species.* This explanation is made in order that those who use 
this report may understand why the plates were not more systematically arranged. 
The original plan was, that the space between the plates now numbered 10 and 14 
was to be occupied by two or more plates of Brachiopoda, with numbering of the 
whole made to correspond, while the plate now numbered 13, and only partly occu- 
pied by Lamellibranchs, was intended to be rilled out with the same, and inserted 
between the plates now numbered 15 and 16. As this, however, for the reasons 
already explained, could not be done, the intervening space had to be filled with fig- 
ures of Crinoids described by other parties, which latter figures would have been 
more systematically placed on plates preceding all the others. 

Had health permitted the completion of the original plan of a thorough study of 
the invertebrate fossils of the Waverly group, I had intended to prepare for this place 
some general remarks on the relations of this fauna to those of the Carboniferous and 
Devonian rocks of other parts of this country and Europe, for which purpose some 
notes were from time to time prepared. Nothing of this kind, however, will now be 
attempted here, though it may be proper to remark that I have seen no reason to 
change an opinion long since expressed in a joint paper with Prof. Worthen, that 
this rock and its equivalents in Illinois, Indiana, etc , belongs to the Carboniferous 



* This is all the more to be regretted because better specimens of some of the species than those seen by 
me have doubtless since been found. 
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system.* It may also be added that, from the first, I have been impressed with the 
rather curious fact that many of the Waverly fossils have much more closely allied 
representatives in the Coal Measures of our Western States than are yet known to occur 
in the Lower Carboniferous limestones of the same region. Quite a list of ver3 T closely 
allied representative forms from these two horizons might be made out, mainly of 
species belonging to the Polyzoa, Brachiopoda, Lameliibranchiata, and Crustacea. By 
these remarks, however, it is not intended to be even intimated that I have the 
slightest suspicion that the Waverly should be included in the Coal Measures. It is 
only an interesting instance of somewhat similar physical conditions having brought 
into existence similar forms in particular kinds of life at different periods of time.t 
On the other hand, the Crinoids of the Waverly correspond closely in their general 
features to those of the the Lower Carboniferous limestones of the West, while the 
Cephalopoda, particularly the Goniatiles and Nautili, nearly approach European Lower 
Carboniferous forms. 

In preparing this report, I have been favored by Prof. Henry with the usual facili- 
ties at the Smithsonian Institution. I am also under obligation to Prof. Winchell for 
access to his types of the fossils described by him from the horizon of the Waverly 
rocks in Michigan, and for the privilege of making tracings of the drawings of his 
species, so far as completed. I only regret that circumstances prevented a direct com- 
parison of specimens, especially in some doubtful cases that have come up for deci- 
sion since I saw his collection. For the use of some of the fossils figured in this re- 
port I am indebted to the Rev. Mr. Hertzer, Prof. Andrews, and Mr. Klippart, of 
Columbus, from whose private collections they were borrowed. The drawings for 
the accompanying plates were made by Messrs. W. H. Holmes, I. C. McConnel, and 
H. W. Elliott, of Washington City, D. C. 

Very respectfully, yours, 

F. B. Meek, Palxontologut. 



* Am. Jour. Sci. and Arts, Vol. XXXII., page 167, 1861. 

t Although the "Waverly group is not a coal-bearing formation, it agrees much more nearly with the Coal 
Measures, Utiwlogicatty, than with the Lower Carboniferous limestones further westward, and hence was ap- 
parently deposited under local conditions more nearly corresponding to the Upper than to the Lower Car- 
boniferous, though belonging to the age of the latter. 
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MOLLUSCA. 

POLYZOA. 

Genus FENESTELL A, Lonsdale, 1837. 
(Murchison's Sil. Syst., 676.) 

Fenestella delicata, Meek. 

Plate 10, flgs.-2a, 6, c, d. 
Fenestella delicata, Meek (1871) ; Proceed. Acad. Nat. Sci., Philad., XXIII., 159. 

Polyzoum growing in flat flabelliform, very finely reticulated expan- 
sions ; branches very slender, rigid, bifurcating, and often nearly paral- 
lel, or gradually diverging, to give room for new ones formed by division ; 
dissepiments about half as thick as the branches, alternating or oppo- 
site, and but little expanded at the ends, as seen on the non-poriferous 
side ; fenestrules very uniform, oblong, with length usually about one- 
third to one-half greater than their breadth ; non-poriferous side rough- 
ened by little nodes along the branches, rather more closely arranged' 
than the fenestrules ; poriferous side with a similar row of little pointed 
elevations along a more or less defined mesial ridge of each branch; 
pores comparatively large, alternating, and numbering two, or occasion- 
ally three, in each row opposite each fenestrule, and one generally nearly 
or exactly at one or both ends of each dissepiment. 

Size of entire polyzoum unknown, but it apparently attained a length 
of three inches or more ; number of fenestrules in 0.20 inch, measuring 
longitudinally, 3; do., measuring transversely, 4. 

As seen on the non-poriferous side, this species closely resembles Prof. 
McCoy's figure of his F. plebeja, natural size, excepting that it forms a 
slightly finer network. Under a magnifier, however, it is seen to differ 
in having a row of little nodes along each branch, and I have not seen. 
any longitudinal striae on its branches, though they probably exist on- 
perfect specimens. The magnified figures of the poriferous side of F. 
plebeja show still more important differences, its fenestrules being pro- 
portionally much longer, with four or five pores opposite each side. The 
18 
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little nodes or projecting points along the mesial ridge of this side of the 
branches in our species do not exist in F. plebeja, nor does the latter 
usually have a pore opposite each end of each dissepiment, as in the 
species under- consideration. 

Locality and position: Lodi, Ohio. Waverly group of Lower Carboniferous. 



Fenestella mtjltipokata? var. Lodiensis. 

Plate 10, figs, la, 6, c. 

Fenestella multiporata, McCoy (1844) ; Synop. Carb. Fobs. Ireland, p. 203, pi. 28, fig. 9. 

Polyzoum fiabelliform ; stems slender, bifurcating, sometimes straight, 
and running nearly parallel to each other, but in other examples curv- 
ing laterally to make room for new divisions, or somewhat fiexuous ; dis- 
sepiments very slender or scarcely half as thick as the stems, and very 
little or not at all expanded at the ends ; fenestrates two or three times 
..as long as wide, and not rounded at the ends ; pores situated on little 
prominences, and alternately arranged so that from five to seven of them 
may be counted on each side of a stem opposite each fenestrule; mesial 
ridge between the rows of pores very small or apparently sometimes ob- 
solete, occasionally with little prominences about twice as distant from 
• each other as those bearing the pores; non- poriferous side of the stems 
•rounded, or sometimes sub-angular, and minutely striated longitudin- 
ally. 

Entire size of polyzoum unknown, but apparently sometimes not less 
than four or five inches in diameter. Fenestrules 7 to 9 in 0.20 inch, 
.measuring transversely, and about 2 to 3 in the same space, measuring 
longitudinally; number of pores in same space on each side of a stem, 
.16 to 17. 

This fossil agrees so exactly in the size of its branches, dissepiments 
. and fenestrules, and so nearly in the nature and arrangement of its pores, 
with F. multiporata of McCoy, that I am inclined to believe it may possi- 
bly be a variety of the same species. The only differences I can see are, 
that it seems to be nearly destitute of the mesial carina so well developed 
along the poriferous side of the branches in Prof. McCoy's species, and 
the somewhat greater obliquity and prominence of its pores, which also 
usually number one or two less on each side, opposite each fenestrule, 
■ than in F. multiporata. It likewise shows some appearances of little 
nodes along the middle of the poriferous side of the branches not repre- 
sented in the latter. It is probably a distinct species, but I prefer to 
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place it as a variety of F. multiporata until its relations to that form can 
be determined by a comparison of authentic specimens. 

Locality and position : Lodi, Ohio. Shaly beds of the Waverly group. 

BRACHIOPODA. 

Genus LINGT7LA, Bru#uiere, 1792. 

(Encyc. Meth. Tab., 250.) 

LlNGULA (LlNGULELLA ?) MEMBRANACEA, Winchell. 

Plate 14, fig. 4. 

Lingula membranacea, Winchell (1863) ; Proceed. Acad. Nat. Sci., Philad., XV., 3. 

Shell attaining about a medium size, compressed, longitudinally ob- 
long, with length nearly twice the breadth, and lateral margins almost 
straight and parallel, or but very slightly convex in outline; anterior 
margin rounded or sometimes faintly subtruncated ; beak very obtuse, 
with a narrow faint ridge extending from it a short distance forward. 
Surface appearing smooth, but on close examination showing very ob- 
scure traces of fine concentric stria?. 

Length, 0.78 inch ; breadth midway between the front and middle, 0.45 
inch ; do. at same distance from anterior end, 0.42 inch. 

The specimen from which our figure and description were prepared 
seems to be mainly an internal cast of the dorsal valve, judging from the 
obtuseness of the beak. The little ridge extending forward from the 
beak has somewhat the appearance of being the cast of a small furrow of 
the cardinal margin, for the passage of the peduncle. If this appearance 
is not deceptive, the species would doubtless fall into Mr. Salter's group 
Lingulella. In our figure this little ridge is represented slightly too 
thick, and scarcely long enough, while the lateral margins of the figure 
are also a little too straight, and its anterior region scarcely wide enough, 
proportionally. 

This seems to be a marked form, readily distinguished by its longitud- 
inally oblong form, nearly straight and parallel sides, and compressed 
valves. 

I have not had an opportunity to compare our specimens with Prof. 
Winchell's types, but our shell agrees so nearly with his description that 
I am inclined to believe it belongs to his species. 

Locality and position: Prof. Winchell's type specimens came from the yellow, fine, 
arenaceous beds under the Burlington limestone, at Burlington, Iowa, belonging to 
the horizon of the Waverly group of Ohio, while that we have figured was found at 
about the same horizon, at Hart's Grove, Ashtabula county, Ohio. 
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LlNGULA MELIE, Hall? 

Plate 14, fig. 3. 

Lingula melie, Hall (1864) ; 16th Report of the Regents on the State Cab. Nat. Hist. 
N. Y., 24; and (1867) Palseont. N. Y., IV., 14, pi. 1. figs. 3 and 4. 

Shell narrow-subovate or sub-elliptic, moderately convex, widest at or 
a little in front of the middle, where the breadth equals about one-half 
to two-thirds the length; lateral margins forming semi -oval or nearly 
semi-elliptic curves, and rounding rather abruptly into the subtruncate 
or rounded front; beaks obtuse, with a flattened, slightly raised, mesial 
ridge extending and widening forward from them to the front. Surface 
marked by fine concentric striae of growth. 

Length of a rather narrow specimen, 0.66 inch; breadth, 0.34 inch. 

The specimen represented by our figure is proportionally rather nar- 
rower than a majority of those in the collection, and the mesial flattened 
ridge is not represented tapering enough toward the beak from the front 
in our figure. It should be narrower, even near the middle of the valve, 
than the slope on either side. On some specimens, however, it seems to be 
nearly obsolete, while on others it is quite well defined, and rather dis- 
tinctly flattened anteriorly, thus imparting a truncated outline to the 
front. I am not sure that I have seen specimens of L. melie from the orig- 
inal locality; but the form here described has been referred to that species 
by the geologists of the Survey, and was sent to me with that name 
attached. 

Locality and position : Cuyahoga shale, a part of the Waverly group of the Lower 
Carboniferous, at Johnston, Trumbull county, Ohio. Prof. Hall's type specimens 
came from Chagrin Falls, Ohio. 



Lingula Scotica, Davidson? 

Plate 14, fig. 9. 

Lingula Scotica, Davidson (1868) ; Monogr. Scottish Carb. Brach., pi. 5, figs. 36 and 37; 

British Carb. Brach., p. 207, pi. 48, figs. 27 and 28. 
?? Lingula Scotica, var. Nebrascmm, Meek (1872) ; Palseont. E. Nebraska, p. 158, pi. 8, 

figs. 3a, 6. 

Shell ovoid-subtrigonal, compressed ; lateral margins converging with 
slightly convex outlines from near the front to the beaks, at an angle of 
about 120°, and rounding to the rounded or faintly subtruncated front ; 
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beak narrow, and apparently rather acutely pointed in well preserved 
specimens ; surface ornamented by distinct concentric lines and furrows. 
Length, 1.06 inch ; breadth, 0.80 inch. 

As I have seen but one mere cast of this shell, I have no means of 
knowing how far it may vary in form and surface markings, nor of de- 
termining whether it is a dorsal or ventral valve, though it is more 
probably the latter. Although it rather closely resembles Mr. David- 
son's species, I am far from being entirely satisfied that it is really the 
same. It is proportionally narrower than his figure, and has the concen- 
tric markings more crowded. The former difference, however, is not 
greater than often occurs among individuals of the same species, while 
the latter, as represented in our figure, is a litt'le exaggerated.* It is 
probably a distinct species, but, without better means of comparison, I 
do not feel quite willing to separate it. It is even less like the Nebraska 
Coal Measure form that I have regarded provisionally as a variety of L. 
Scotica, and can hardly belong to the same species as the latter. 

Locality and position : Berea grit, Berea, Ohio. 

Genus DISCIKA, Lamarck, 1819. 

(Hist. Nat., VI., 236.) 

Sub genus ORBICULOIDEA, D'Orbigny, 1847. 

(Compt. Rend., XX., 269.) 

Discina (Orbiculoidea) Newberryi, Hall. 

Plate 14, figs, la, 6, c, d. 

Discina Newberryi, Hall (1864) ; 16th Report of the Regents on the State Cab. Nat. 
Hist. N. Y., p. 30; and (1867) Palseont. N. Y., IV., 25, pi. 1, figs. 10 and 11. 

Shell rather under medium size, circular, or sometimes very slightly 
oval, the antero-posterior diameter being in the latter cases a little 
greater than the transverse. Upper valve much depressed, with its apex 
placed about half way between the middle and the posterior margin, or 
slightly nearer the latter than the former. Under valve flat, with point 
of accretion central, and foramen very small, and situated near the 
margin at the outer end of a deep oval impression extending from the 
center nearly to the posterior edge. Surface of both valves marked by 



*The concentric markings are also too strong on our figure, particularly near the 
beak, where they make a broad curve. 
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small concentric striae, and sometimes also showing very faint traces of 
radiating markings. 

Diameter generally about 0.53 inch in mature specimens. 

The radiating markings are so obscure as not to be seen unless care- 
fully looked for in a favorable light, consequently no attempt was made 
to put them in the drawings, as this could scarcely be done without giv- 
ing an exaggerated impression in regard to their distinctness. Even the 
concentric lines are made rather too distinct in fig. la. The foraminal 
impression is also a little too narrow and too oblique in fig. Id, where it 
should extend directly to the center. The specimen from which fig. lc 
was drawn has the foraminal impression very narrow, sharp, and ap- 
parently more like the* true slit of a Discina proper than like a mere 
oval impression with a minute perforation at its outer end, as in the 
group Orbiculoidea. Consequently, it may possibly belong to a different 
shell from that represented by fig. Id. 

In regard to the specific affinities of this shell little can be said, as it 
presents almost no characters at all to distinguish it from several species 
found in rocks of various ages. I have seen one in our western Coal 
Measures very closely resembling it. Our figure la shows the concentric 
striae coarser than represented by the figures of D. Newberryi, given in 
the Palaeontology of New York, but the specimens vary somewhat in 
that character. 

Locality and position: The specimens represented by our figures la, lc, and lrf, are 
from the Cuyahoga shale, a member of the Waverly group of the Lower Carboniferous, 
while that represented by fig. 16 is in a light-gray, fine grained, arenaceous matrix, 
from the same group, at Farmington, Ohio. Prof. Hall's typical specimens were 
found at Cuyahoga Falls and Akron, Ohio. 



Discina (Okbicixloidea ?) plecjrites, Meek. 

Plate 14, figs. 2a, b. 

Shell very nearly circular, or slightly longer than wide. Upper valve 
much depressed; apex but little elevated, obtuse, and placed very near 
the posterior margin, with a backward inclination, and more depressed 
than the surface a little in advance of it ; surface only showing fine, ob- 
scure, irregular lines, and some stronger wrinkles of growth. Internal 
cast showing a linear impression along the middle of the anterior slope. 
Under valve unknown. 

Length, 0.93 inch ; breadth, 0.89 inch ; height a little in advance of 
apex, 0.16 inch; do. of apex, 0.10. 
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This species is remarkable for its nearly marginal apex, which is, in- 
deed, placed almost exactly over the posterior margin, though raised 
about one-tenth of an inch above it. I am not sure whether it is a true 
Diacina or not, as I have seen no specimens of the under valve. I sus- 
pect that it will prove to be an Orbiculoidea, as several of the species de- 
scribed under the name Discina, from this horizon, seem to possess the 
peculiarities of the foramen in the under valve distinguishing the 
former group. This is certainly the case with D. Saffordi of Winchell, 
and the form I have identified with D. Newberryi. 

Locality and position : Newark, Ohio. Waverly group of Lower Carboniferous series. 

Gkntjs STROPHOMENA, Railnesque, 1827. 

Sub genus HEMIPRONITES, Pander, 1830* 

(Beitr. zur Geog. de Russ., 74.) 

PIemipronites crenistria, Phillips ? (sp.). 

Plate 10, figs. 5a, 6, c, d. 

Spirifer crenistria, Phillips (1836) ; Geol. Yorkshire, Vol. II., pi. 9, fig. 6. 

Spirifer senilis, Phillips; lb., fig. 5. 

LepU&na anomala, J. de 0. Sowerby (1840) ; Min. Conch., tab. 615, fig. 16. 

Orthis umbraculum, var. Portlock (1843) ; Geol. Londonderry, Tyrone, etc., pi. 37, fig. 5 : 

DeKoninck (1843) ; Anim. Foss. Terr. Garb. Belg., p. 222, pi. 13, figs. 4-7. 
Orthis Bechei, McCoy (1844) ; Synop. Carb. Foss. Ireland; pi. 22, fig. 3. 
Orthis cornala and 0. caduca, McCoy (1844) ; lb., figs. 5 and 6. 
tOrthotetes radians, Fischer (1850); Bull. Soc, XXIII., pi 10. 
Leptxna crenistria and L. senilis, McCoy (1855) ; Brit. Pal. Foss., pp. 450 and 452. 
Streptorhynchus crenistria, Davidson (i860) ; Monogr. Scottish Carb. Brach., p. 32, pi. 1, 

figs. 16-22 : British Carb. Brach., p. 124, pi. 26, fig. 1, pi. 27, figs. 1-5, and pi. 30, 

figs. 14-16: Winchell (1862); Proceed. Acad. Nat. Sci., p. 410: and of many other 

authors. 

Shell strongly resupinate, semi-oval, or truncato-sub-circular, being 
wider than long, with a regularly rounded anterior outline, and lateral 

* In accordance with a suggestion in Vol. L, Part II., of the Ohio Geological Re- 
ports, I retain here, provisionally, the name Hemipronites in a subgeneric sense under 
Strophomena, until the question in regard to the particular group for which the latter 
name will have to stand has been more satisfactorily settled. Whether certain allied 
types should be treated as representing distinct genera, or only groups bearing the 
relations of subgenera of one genus, is often, however, a mere matter of fancy. For 
' the Hemipronites group the name Orthotetes, Fischer, has been recently retained; but 
it seems to me that this can scarcely be properly done, for the following reasons: 
In the first place, Fischer, in 1829, read a communication from a Mr. Evans before 
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margins rounding into the front, and usually curving inward behind, so 
as to intersect the hinge at rather more than right angles ; hinge gen- 
erally a little less than the greatest breadth of the shell. Dorsal valve 
always distinctly convex over all the central region, and thence round- 
ing downward to the front and lateral margins, while its posterior lateral 
edges are generally reflected or curved more or less upward ; beak round- 
ing over to the hinge, beyond which it projects but little. Ventral valve 
flattened, or more or less concave, with its lateral, and sometimes its 
front margins, curved a little upward, and its posterior lateral downward, 
to conform to the curvature of those of the opposite valve ; beak mod- 
erately prominent, and directed obliquely backward and upward, but not 
incurved ; cardinal area generally of medium height, flattened, well de- 
fined, and inclined a little backward, with its closed triangular fissure 
varying in its proportional breadth and height with the greater or less 
elevation of the beak ; interior without any mesial septum ; muscular 
impressions occupying a comparatively small, fan-shaped space, that is 
neither deeply excavated nor bounded by prominent dental ridges. 
Surface of both valves ornamented by numerous, sub-equal, or alternately 
larger and smaller, radiating stria?, that increase rather by the intercala- 
tion of smaller ones between the larger than by division, the smaller 
commencing very slender at various distances from the beaks and ex- 
tending to the free margins, increasing in size, so that they often become 
nearly or quite as large as the others. Crossing all of these are numer- 
ous, very fine, crowded concentric strise, and obscure, much larger, ridges 
of growth. 

Length of a rather large, wide, adult specimen, 1.73 inches; breadth 
of do., 2.16 inches; convexity of the two valves at the middle, 0.65 inch ; 
do. of the dorsal valve, measuring from its lateral margins up to the 
horizon of its most gibbous central region, 0.90 inch. 

the Imperial Society of Moscow,' containing a description of a new genus which he 
said was related to Placuna and Pedum, and proposed to call Orthotetes. He neither 
figured, described, nor cited any example, however, and as it is not possible to know 
from his description and remarks what genus he had in view, he can not be regarded 
as having established a genus under that name at that time. It was simply a name 
resting upon nothing. In 1837, however, Fischer uses the name Orthotetes, and fig- 
ures a shell under it, without a specific name, but having almost certainly the char- 
acters of Herniprordtes. Again, in 1850, Fischer uses the name Orthotetes, and figures 
an example with the name O. radians attached, which seems to be H. crenistria. But 
as the genus was thus only properly made known under the name OrtJwtetes in 1837 
and 1850, while Pander had described it with illustrative examples in 1830, under the 
name Hemipronites, I think his name should be retained, whether we regard the 
group as a sub-genus or as a distinct genus. 
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I have referred this form to Phillips's species, rather because I have 
been unable to find any constant characters by which it can be separated 
from some of the European form s referred to the same by high authori- 
ties, than from being entirely satisfied that a careful comparison of a 
large series of specimens might not show it to be a closely allied but dis- 
tinct species. Although varying in form, it does not, so far as I have 
been able to see, vary in general outline to the extent that H. crenistria 
does in Europe, judging from the published figures, nor have I seen any 
specimens of it with the area so much elevated, or with the beak of the 
ventral valve so distorted, as in some foreign examples of that shell. It 
also usually has its posterior lateral portions more compressed and de- 
flected than H. crenistria, as illustrated from British specimens. 

I see Mr. Davidson, in his very valuable Monograph of the Britsh 
Carboniferous Brachiopoda, page 124, cites Orthis Keokuk and 0. robusta, 
Hall, as synonyms of the European species H. crenistria. I can not quite 
concur with him in this, however, because these, and, I think, all of the 
several other allied species or varieties found in our Western Carbonifer- 
ous limestones and Coal Measures differ from the published figures of H. 
crenistria, as well as from the Waverly sandstone specimens under con- 
sideration, in having a well-defined, longitudinal mesial septum in the 
ventral valve, extending from the beak sometimes nearly to the middle 
of the interior. Mr. Davidson was not acquainted with the interior of 
Prof. Hall's species, but on examining good specimens of the allied form 
H. crassa, M. and H, from the Coal Measures, sent by me to him some 
time back, he noticed this internal septum as distinguishing it from the 
European species H. crenistria. 

I have, in the Palaeontology of the Upper Missouri, published by the 
Smithsonian Institution, on pages 25 and 26, given my reasons for be- 
lieving that the rules of nomenclature will compel us to retain Pander's 
older name, Hemipronites, for this group, instead of Streptorhynchus, King, 
whether we regard it as constituting a genus or sub-genus. And in the 
first volume of the Palaeontology of Ohio, page 73, I have stated reasons 
for believing that when the interior of all of the Carboniferous, Devon- 
ian, and Silurian shells of this and allied groups can be thoroughly com- 
pared, it will be seen that Hemipronites is so closely related to Strophomena, 
Rafinesque, that it can scarcely be separated from the latter more than 
as a sub-genus. Prof. King's name was proposed for Permian species, 
with the area and beak of the ventral valve extravagantly elevated, and 
the beak often much distorted ; but when we pass to some of the Carbon- 
iferous, Devonian, and particularly to the Silurian species, we find ex- 
amples with the area nearly or quite as little developed as in some 
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species of Strophomena. Indeed, it is now well known that this charac- 
ter of the elevation of the beak, and the greater or less development of 
the area can not be, within a considerable range of limits, even relied 
upon as a specific distinction 

Locality and position: The specimens from which our figures and description were 
prepared were found in the Waverly group of the Lower Carboniferous, in Medina 
county, Ohio. It also occurs at numerous other localities in this State at the same 
horizon, and I suspect that some of the Devonian forms that have been described 
under other names farther eastward may not be specifically distinct. According to 
some very high authorities, FT. crenistria occurs both in the Carboniferous and Devon- 
ian rocks of Europe. It is certainly a very widely distributed Carboniferous species, 
its geographical range there being almost coextensive with the rocks of that age. 

Genus PRODUCTUS, Sowerby, 1814. 
(Min. Conch., I., 153.) 

Productus (undetermined sp.). 

Plate 10, figs. 4a, b, c, d. 

At the time the figures of this and the following form were drawn, it 
was my intention to make a thorough study of the Producti and other 
Brachiopoda of the Waverly group, and to prepare full illustrations and 
descriptions of them all. A failure of health, however, rendered it im- 
possible to carry out this design. 

The species here under consideration attains a medium size, has a very 
gibbous, strongly arcuate, and produced ventral valve, faintly sinuous 
along the middle, with short ears extending little beyond the lateral 
margins, and a concave, transversely semi-oval dorsal valve. Its hinge 
equals about the greatest breadth of the valves, and its surface is armed 
with small, apparently short spines, that are moderately scattering, and 
regularly arranged in quincunx, on little tubercles that become more or 
less elongated on the ventral valve, where they sometimes even assume 
the character of irregular costse. These are crossed by very fine, regular, 
crowded, concentric striae, and small, generally obscure, concentric 
wrinkles, that are most regular and best defined over the visceral region 
of both valves. The costse are very variable, being sometimes rather 
distinct, and in other cases quite obscure, or almost entirely obsolete, so 
that the surface seems nearly smooth between the little tubercles. 

It is probably an undescribed species, but the difficulty of distinguish- 
ing species in this group is so great, without a good series of specimens 
and authentic examples of the closely allied species for comparison that 
I have concluded not to attempt to decide the question in regard to its 
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affinities in preparing the text for the press, a part of which I have had 
to do away from home, and with but few of the necessary facilities at 
hand. The fact, too, that Prof. Winchell has named and described a 
number of species of this genus from the same formation, none of which 
have yet been figured, renders it still more difficult to arrive at satisfac- 
tory conclusions whether our specimens belong to a new species or not. 

Locality and position : Sciotoville, and various other localities in the Waverly group 
of the Lower Carboniferous series in Ohio. I think I have also seen the same shell 
in beds of the same age (Choteau limestone) in Missouri, and the Kinderhook group 
of Illinois. 

Productus (undetermined sp.). 

Plate 10, fig. 3. 

This is a larger, wider, and less produced form than the last, with 
much more distinct longitudinal costas. It much more nearly resembles 
P. semireticulatus than the last, but has the concentric wrinkles decidedly 
smaller and less distinct over the visceral region, and doubtless differs 
in other respects from that species. The costee of the species described 
above are so exceedingly variable that I am not altogether clearly satis- 
fied that it may not be connected with this by specimens presenting in- 
termediate characters, though I think it is not. 

Locality and position : Same as last. 

Genus ATIIYRIS, McCoy, 1844. 

(Synop. Carb. Foss. Ireland, 128.) 

Athyris lamellosa, Leveille? (sp.). 

Plate 14, figs. 6a, b. 

Spi.rifer lameUosus, Leveille (1835) ; Mem. Geol. Soc. France, II., 39, figs. 21-23. 
Spirifer squamosus, Phillips (1836) ; Geol. Yorks., II., 220, pi. 10, fig. 21. 
Terebralula lamellosa, DeKoninck (1843) ; An. Foss Belg., 299, pi. 20, figs. 5a, 6, c. 
Compare Spirigera Hannibalemis, Swallow (1860) ; Trans. St. Louis Acad. Sci., I., 649: 
also Athyris crassicardinalis, White (1860) ; Boston Jour. Nat. Hist., VII., 229. 

Shell transversely sub-elliptic, being usually about two-thirds as long 
as wide, moderately convex ; hinge line long, and often nearly or quite 
straight, but rounding off at the lateral extremities, and never equaling 
the breadth of the valves ; lateral margins rather narrowly rounded ; 
front more or less rounded, or forming a transversely semi-elliptie curve 
in general outline, but usually produced and sub-angular in the middle, 
at the termination of the mesial fold and sinus. Dorsal valve a little 
more convex than the other, its greatest convexity being in the central 
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region, in front of which it rises into a low, rounded, mesial fold, that is 
rarely continued very obscurely visible to the umbonal region, with 
sometimes the faintest possible tendency to become flattened on top; 
beak very short and incurved. Ventral valve having a more flattened 
appearance, especially anteriorly, where it is impressed into a shallow 
mesial sinus, which narrows rapidly backward, and is sometimes con- 
tinued faintly to the umbonal region ; beak a little ventricose, but only 
projecting slightly beyond that of the other valve, upon which it is 
closely incurved. Surface of each valve provided with about eight or 
ten strongly projecting, and sometimes slightly waved, concentric la- 
mellae, which rise abruptly from the surface, excepting around the front 
and lateral margins, where they are more crowded, and extend out hori- 
zontally to considerable distances ; very fine concentric striae, and some- 
times obscure traces of radiating markings, are also seen between and 
upon the lamella?. 

Length of a rather transverse, mature specimen, exclusive of the ex- 
tended lamellae, 1.05 inches; breadth of do., 1.59 inches; convexity, 0.60 
inch. 

Internal casts of the ventral valve of this shell show that the impres- 
sions of its divaricator muscles are faintly marked, and, together, occupy 
a comparatively large, somewhat fan-shaped space, extending forward 
beyond the middle of the valve, while those of the adductor muscles ex- 
tend about half the length of the divaricators between the upper ends of 
the latter, and, as joined together, present a neat cordate outline, very 
pointed below. Casts of the rostral cavity show it to be tapering, arched, 
rounded, or a little flattened on top, and transversely striated, while on 
each side of it the umbonal region shows a few granules, representing 
minute pits in the interior of the valve. On casts of the interior of the 
dorsal valve impressions of the quadruple muscles are usually well de- 
fined, the upper pair being each rhombic, connected along the straight 
inner edges, and sometimes unequally bilobed above, while the lower 
pair are longer, and occupy a somewhat larger and obovate space, that 
tapers below, and is a little obliquely truncated on each side above. The 
cast of the rostral cavity is small, much arched, and rapidly tapering to 
a point that looks as if it had filled a minute perforation in the point of 
the beak. The internal mesial ridge is very small, or merely sharply 
linear, and extends forward sometimes to the middle of the valve, and 
backward to the point of the rostral cavity. The perforation of the ven- 
tral beak seems to be small, judging from the cast of the rostral cavity. 

I have not had an opportunity to compare specimens of this shell with 
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Prof. Swallow's types of his Spirigera Hannibalenm, but believe it to be 
the same form described by him. In regard to its relations to Athyris 
lamellosa, I can only say that a comparison of our specimens with Mr. 
Davidson's figures of that species shows no constant differences, though 
it varies much in form, and while some specimens agree quite nearly 
with A. lamellosa, others seem to have a shorter and more obtuse ventral 
beak than those figured by Mr. Davidson. It should also be explained 
here that the specimen represented by our figure on plate 14 is rather 
more than usually transverse, and has a longer and straighter hinge 
than the others. The latter character, however, is more marked than 
natural, in consequence of the fact that the specimen is merely an in- 
ternal cast, the thick shell of the rostral region, when present, causing 
the hinge margin to appear shorter. 

This shell seems also to be nearly related to Athyris crassicardinalis, 
White, described from near the same horizon at Burlington, Iowa, and 
may be the same. I regret having no opportunity to make the neces- 
sary comparisons with Prof. Swallow's and Dr. White's types, to be able 
to arrive at more satisfactory conclusions in regard to their relations to 
the form under consideration. I had expected to do this before preparing 
' the description, and had also intended to give here much more full and 
complete illustrations of this and the other Waverly Brachiopoda, but, as 
elsewhere explained, a failure of health rendered this impossible, and 
made it necessary merely to arrange on the plates such of the figures as 
were already drawn at the time they were called for. 

Locality and position: Sciotoville, Ohio. In the Waverly group of the Lower Car- 
boniferous. 

Genus SPIRIFER, Sowerby, 1815. 
(Min. Conch,, II., 42.) 

Spirifer Carteri, Hall. 

Plate 14, figs. 7a, b, c, (dt) 

Spirifer Carteri, Hall (1857) ; Regents' 10th Ann. Rept. on State Cab. Nat. Hist. N. Y., 
170. 

Spirifer (Cyrtiat) Hannibalenm, Swallow (1860) ; Trans. St. Louis Acad. Sci., I., 647. 

Compare Spirifer textus, Hall (1857) ; Regents' 10th State Cab. N. H. Report, 169 : also 
Spirifer capax, Hall (1858) ; Iowa Geological Report, p. 520, pi. 7, figs. 7a, b: Syrin- 
gothyris typus and S. HaUi, Winchell (1863) ; Proceed. Acad. Nat. Sci., Philad., pp. 7 
and 8 : and Spirifer cu8fMcta«8 r Martin (sp,), as illustrated in Mr. Davidson's Monogr. 
Brit. Carb. Brach., pis. 8 and 9. 

Shell attaining a rather large size, very thin, nearly semicircular, as 
seen in a direct view from above or below, and rhombic-subquadrangular 
in a front or posterior view, with length generally a little more than half 
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the breadth, and the breadth usually about twice the height of the area ; 
hinge line about equaling the greatest breadth; front and lateral mar- 
gins forming together a more or less nearly semicircular curve, or with 
the central part of the former sometimes a little straightened, or even 
very faintly sinuous in outline, and the latter meeting the hinge at rather 
less than right angles behind. Dorsal valve moderately convex in the 
central region, thence sloping laterally, and rounding more abruptly 
to the beak and anterior lateral margins than to the middle of the front ; 
mesial fold depressed, smoothly rounded, equaling about two-thirds the 
breadth of the valves at the front, and sometimes showing on internal 
casts a faint linear mesial impression; beak small, and with the very 
narrow area incurved. Ventral valve much elevated at the beak, thence 
sloping laterally, with slightly convex outlines, at an angle of 100° to 125°, 
and more abruptly to the front and anterior lateral margins ; mesial 
sinus smoothly rounded within, rather shallow, or moderately deep an- 
teriorly, whore it terminates in a short rounded projection fitting into a 
corresponding sinus in the margin of the other valve; beak elevated, 
obtusely angular and straight, or a little arched backwards ; area high, 
transversely and vertically striated, ranging more or ltss nearly at right 
angles to the plane of the valves, and flattened or somewhat arched 
backward, with its lateral margins moderately well defined ; foramen 
large, or about two-sevenths as wide at the hinge line as the length of 
the latter, and three- fifths as wide as high, showing its deep-seated 
transverse septum and tube to be well developed above within. 

Surface of both valves ornamented on each side of the non-costate 
mesial fold and sinus by about eighteen to twenty simple, depressed, 
rounded, radiating costse, some five or six of which, on each of the lateral 
extremities of both valves, are usually nearly or quite obsolete.* Cross- 
ing all of these, on well-preserved specimens, numerous fine concentric 
strias and some stronger marks of growth maybe seen; and over the 
whole a minute pitting may be observed, so crowded and arranged as to 
present a delicate textile appearance, as seen by the aid of a magnifier. 

Breadth of a well-developed, mature specimen, 2.70 inches; length, 
about 1.37 inches; length of hinge line, 2.65 inches; height of area, 1.25 
inches ; breadth of foramen at hinge, about 0.73 inch. 

This shell seems to agree almost as well with Spirifer textus, Hall, from 
the fine-grained (Carboniferous) sandstone of the Knobs, near Louis- 

* The costse are too sharply defined, and represented too small and too numerous 
on the ventral valve in our figures 7a and 76. They are about right on the dorsal 
valve in fig. 7a; but the lateral slopes of the ventral valve in the same figure are in- 
correctly drawn straight, instead of somewhat convex, thus making the lateral ex- 
tremities of the figure too acutely angular. 
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ville, Kentucky, as with S. Carteri, originally described from the Waverly 
grorip of Ohio. Its area is proportionally somewhat larger, flatter, and 
less arched, as well as more distinctly defined, than it appears to have 
been in the typical specimens of S. Carteri; but the margins of its area 
are still less sharply defined, and the lateral slopes of its ventral valve 
less flattened, and less abruptly inclined forward, than in the type for 
which the name S textus was proposed. These, however, are usually such 
variable characters in shells of this kind that we may generally ques- 
tion the propriety of viewing them as specific differences, unless accom- 
panied by some more constant and reliable distinguishing features. 

The shell for which Prof. Swallow proposed the name Spirifer (Cyrtia?) 
Hannibalensis seems to agree in its specific characters with the Ohio 
form under consideration ; and I even suspect that Spirifer capax, Hall, 
and Syringothyris typus and S. Halli, of Winchell, may possibly be varie- 
ties of the same species. It is true I have not seen specimens of the 
Ohio shell in a condition to show whether or not it possess the punctate 
structure seen in Prof. WincheH's types, as well as in most of the others 
already mentioned, but it certainly has the same deep-seated septum and 
internal tube as Syringothyris (see markings in cast at -f- of fig. 7c) ; and 
from this fact, and all of its .other characters, it may be regarded as 
almost morally certain that it has the same shell structure. 

Again, it will be observed that all of these shells bear very close rela- 
tions to the various forms or varieties referred by the highest European 
authorities to the common and widely distributed Spirifer cuspidatus, 
Martin. None of the specimens of the Ohio shell under consideration 
that I have seen have the area and beak of the ventral valve so extrava- 
gantly elevated as some of those of S. cuspidatus figured by Mr. David- 
son and others ; but this is a variable character, some of the figures of 
the European shell not differing materially from ours in this respect.* I 
have not seen any examples of internal casts of S. cuspidatus; but if the 
specimen represented by our figure 7d really belongs to the species under 
consideration (of which there may be some doubts), it would seem not 
to agree very well with Mr. Davidson's description of the interior of the 
corresponding valve of S. cuspidatus. 

The only characters mentioned by Prof. Hall as distinguishing his 8. 
textus from 8. cuspidatus were the supposed greater number of cost® and 
the peculiar minutely pitted or textile appearance of the surface in the 
former. But he described both his & textus and S. Carteri as having only 
from eighteen or nineteen to twenty costse or plications on each side of 
the mesial fold and sinus, while Mr. Davidson gives thirty to forty-four 

* Mr. Davidson mentions that there are all gradations from specimens with a com- 
paratively low area to the typical forms of S. cuspidatus. 



288 PALAEONTOLOGY OF OHIO. 

as the number on each valve of S. cuspidatus, which would make from 
fifteen to as many as twenty-two on each side of the fold and sinus. It 
is true that the published figures or descriptions of S. cuspidatus do not 
generally show or mention the minute textile markings seen on well- 
preserved specimens of these American shells, but Prof. King has noticed 
something of the kind on that shell,* and I believe I have seen unmis- 
takable traces of them on a European specimen agreeing exactly with 
18. cuspidatus in form, and sent to this country with that name attached. 
I also found the punctate structure plainly visible in this shell.f 

Locality and position: Prof. Hall's typical specimens of S. Carteri came from the 
Waverly group in Licking county, Ohio, and the specimens figured on our plate came 
from the same horizon at Sciotoville, Ohio. The same form almost certainly occurs 
in the equivalent beds of Michigan and Illinois, while Prof. Swallow's Spirifer ( Cyrtia) 
HannibaUnm, which is almost certainly the same species, came from about the equiva- 
lent horizon at Hannibal, Missouri. 



*See Geol. Mag., Vol. IV., No. 6, 1867. 

t In making the first announcement of the discovery of the punctate structure, and 
its coincidence with the internal characters of the proposed genus Syringothyris, in 
shells of this character, I ventured the prediction that this structure really exists in 
the types of Syringothyris, which had been supposed not to be punctate, and suggested 
that at least some of the British forms referred to Spirifer cuspidatm would yet be 
found to possess the internal characters of Syringothyris, along with a punctate shell 
structure. (See Proceed. Acad. Nat. Sci., Philad., for December, 1865, p. 275.) Soon after 
the publication of these facts and suggestions, I had, through the politeness of Prof. 
Winchell, an opportunity to examine his type specimens of Syringothyris, and found 
them, as predicted, to be really punctate shells. At a somewhat later date Dr. Car- 
penter, the distinguished microscopist of London, examined a number of British 
specimens agreeing in all external characters with S. cuspidatm, and found some of 
them, as predicted, to possess the internal characters and punctate structure of Syrin- 
gothyris, while in others he found neither the interna) tube of Syringothyris nor the 
punctate structure. Prof. King, of Belfast, however, at a still later date, examined 
many British specimens of these shells, and arrived at the conclusion that, when well 
preserved, they are all both provided with the internal tube and punctate structure, 
and also all belonging to the one species Spirifer cuspidatus. He, therefore, accounts 
for the absence of the internal tube and punctate structure in some of the specimens 
examined by Dr. Carpenter by the accidental removal of the former, and the destruc- 
tion of the latter during the process of fossilization, as certainly did take place in many 
punctate fossil shells. Consequently, he adopts Syringothyris as a distinct genus from 
Spirifer, and regards Prof. Winchell's S. typus as specifically identical with Spirifer cus- 
pidatus, Sowerby. Although rather inclined to think he may be right in the latter 
conclusion, I can not agree with him in making Syringothyris distinct from Spirifer, 
Sowerby, because it seems to me, as stated in the Palaeontology of the Upper Missouri, 
page 18, that the rules of nomenclature will compel us to regard 8. cuspidatus as the 
type of the genus Spirifer, Sowerby, and, consequently, to place Syringothyris as a syn- 
onym of the latter. 
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Sub genus TEIGONOTRETA, King, 1825. 
Spirifer (Trigonotreta) striatiformis, Meek. 

Plate J.4, figs. 8a, 6, c, d, e. 

Shell attaining a full medium size, moderately gibbous, semi-oval, or 
sub-trigonal in outline; hinge nearly or quite equaling the greatest 
breadth ; anterior margin more or less rounded, or sometimes a little 
projecting or subangular at the middle ; lateral margins rounding to the 
front, or sometimes converging forward, with somewhat straightened 
outlines, and meeting the hinge behind generally at about right angles. 
Veniral valve more convex than the other, its greatest convexity being 
near or a little behind the central region, from which it rounds over a 
little more abruptly to the beak than to the front and anterior lateral 
margins ; beak rather pointed, moderately prominent, and strongly in- 
curved; cardinal area of medium size, well denned, and more or less 
arched and inclined backward ; foramen about one-fourth to one-fifth as 
wide as the hinge, and apparently always wider than high; mesial sinus 
narrow, rather deep anteriorly, and continued much attenuated usually 
to the beak ; interior (as shown by internal casts) with dental laminae 
short and diverging, and rostral cavity comparatively rather small* of 
moderate depth, strongly striated longitudinally, and marked by a few 
diverging ridges parallel to its anterior lateral margins, while the bot- 
tom of the valve on each side, in the umbonal region, is usually occupied 
by numerous small pits. Dorsal valve depressed convex, or sometimes 
rather prominent at the middle anteriorly, and rounding abruptly to the 
beak, and less strongly rounded or sloping to the anterior lateral mar- 
gins ; beak projecting little beyond the hinge, and, with the very nar- 
row area, distinctly incurved; mesial fold narrow, rising very little 
above the general convexity in the umbonal region, and continued 
rounded, without distinctly defined margins, either much depressed or 
moderately elevated, to the front, where it is sometimes prominent 
enough to give origin to a semicircular sinus in the edge, to receive a 
corresponding short projection of the margin of the other valve. Sur- 
face of both valves (including sinus and fold) ornamented by numerous, 
rather small, depressed, rounded, more or less bifurcating, longitudinal 
costse, crossed toward the front and lateral margins by distinct, sub-im- 
bricating marks of growth, while over the whole, well-preserved speci- 
mens show a very beautiful, minute, cancellated sculpturing, formed by 
numerous, very sharply defined, and crowded radiating and concentric 
strias. 

19 
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Length of a medium sized, mature specimen, 1.50 inches; breadth, 
1.90 inches ; convexity, about 1 inch. 

This species has much the general external appearance of Spirifer 
Mosquensis of Fischer, as illustrated by Mr. Davidson from British speci- 
mens, though its marks of growth show that the young shell was propor- 
tionally wider, and its lateral angles more acute, than any of Mr. David- 
son's figures would indicate, while neither he, MM. DeVerneuil, DeKon- 
inck, nor any of the other authors who have figured and described that 
shell, so far as I have seen, either mention or illustrate the beautiful fine 
cancellated sculpturing seen on the species under consideration. The 
most marked and decided difference, however, at least from the original 
typical Russian examples of 8. Mosquensis, is the very much greater de- 
velopment and anterior extension of the dental laminae of the latter 
: species. 

It also resembles, though less nearly, the common S. striatus of Sowerby, 
,but may be readily distinguished by its proportionally less transverse 
.and more gibbous form, as well as by its less acute lateral angles, than 
we generally see in that species, while its rostral cavity has a different 
form. The minute cancellated sculpturing of its surface is also more 
delicate than that of 8. striatus, var. clathratus (as illustrated by Mr. 
Dayidson), which is the only European form referred to S. striatus on 
which markings of that nature have yet been illustrated by any of the 
. authors I have had an opportunity to consult. 

Prof. Swallow has described several species that seem to be more or 
less similar to this, from about the same horizon in Missouri, with which 
forms it ought to be compared. I have no authentic examples of these 
Missouri shells for comparison, however, but so far as can be determined 
from the published descriptions, none of them seem to agree exactly with 
this shell. 

Locality and position : Waverly group of the Lower Carboniferous at Sciotoville 
,and many other localities in Ohio. 

Spirifer (Trigonotreta) biplicatus, Hall?? 

Plate 14, fig. 5. 

. Spirifer biplicatus, Hall (1858) ; Iowa Geological Report, I., part Pateont., 510. 
Compare Spirifer Osagensis, Swallow (1860) ; Trans. St. Louis Acad. Sci., I., 641. 

Shell rather under medium size, trigonal-subsemicircular, with breadth 
twice to twice and a half the length, moderately convex; hinge line 
much longer than the breadth of the valves at any other point, and 
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sometimes abruptly produced in the form of slender, long, very sharp, 
spine-like extensions ; lateral margins converging, with more or less 
convex outlines forward to the front, which is narrowly rounded or sub- 
angular at the middle. Dorsal valve depressed convex in the central 
region, and compressed near the posterior lateral angles; beak projecting 
little beyond the hinge line, and, with the narrow area, rather strongly 
incurved ; mesial fold narrow, rounded, and depressed, or scarcely rising 
above the general convexity of the central and umbonal regions, but 
usually becoming somewhat more elevated at the front, defined on each 
side by a little larger and deeper furrow than those between the larger 
costse. Ventral valve of nearly the same general form as the other; 
mesial sinus moderate, and narrowly extended to the beak ; area rather 
narrow; beak moderately prominent and incurved. Surface of each 
valve ornamented by about thirty to thirty-six rather small radiating 
costse, some six to eight of which usually occupy the mesial fold at the 
front in mature specimens, and five to seven the mesial sinus, those of the 
fold and sinus, as well as one or two of the larger ones on each side, bifur- 
cating, while the others are generally all simple ; crossing the whole, 
numerous fine concentric stria? and an occasional stronger mark of 
growth may be seen on well-preserved specimens. 

Greatest breadth of a mature specimen with lateral extremities pro- 
duced as mucronate extensions (measuring to the points of the latter) 
1.75 inches; do., exlcusiveof the spines, 1.20 inches; length, 0.59 inch. 

The lateral extremities of this shell seems to be always acutely angu- 
lar, and often mucronate; but the individual figured has them unusually 
produced and pointed, as well as remarkably abruptly projecting from 
the posterior lateral margins, which generally curve outward a little 
into the bases of the spines, instead of meeting them at obtuse angles.* 
The costse on the mesial fold usually commence at or very near the beak 
as two very small, obscure divisions, which soon bifurcate so as to form 
four, the lateral two of which subdivide at some point farther forward, 
and sometimes the middle two bifurcate toward the front so as to make 
eight altogether. The furrow between the middle two costae of the mesial 
fold, as well as those between the lateral margins of the fold and the 
costse on each side, are usually a little larger and deeper than the others. 
This character, and the bifurcations of the costse on the fold, and one or 
two of the lateral ones on each, are not well shown in our figure. 

Although I believe this to be the species described by Prof. Hall under 

* This angularity at the connection of the posterior lateral spines and the lateral 
margins, however, is slightly exaggerated in figure 5. 
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the name S. biplicatus, the identification has not been made from direct 
comparison with authentic specimens of that shell. I also think it very 
possible that S. Osagensis, Swallow, is only a more gibbous form of this 
shell, with less extended lateral angles. At any rate, there are speci- 
mens among the Ohio collections agreeing pretty nearly with the descrip- 
tion of S. Osagensis, that seem to be connected with the form figured on 
our plate by intermediate varieties. I much regret that the circum- 
stances elsewhere explained prevented me from giving full illustrations 
of both valves, as well as of the different varieties of this shell. 

Locality and position : Upper members of the Waverly group, at Richfield, Ohio. 
rs at the same horizon in Iowa, and probably in Missouri and Illinois. 



LAMELLIBRANCHIATA. 

Genus ENTOLIUM, Meek. 

(Cal. Geol. Rept, II., 479.) 

Entolium Shumardianum, Winchell? (sp.) 

Plate 15, figs. 4a, b. . 

Pernopecten Shumardianw, Winchell (1865); Proceed. Acad. Nat. Sci., Philad.,XVIL, 

126. 
Compare P. Krnatus, Winchell (1865), lb., and Avicula Cooperensis, Shumard (1855), 

Missouri Geol. Report. 

Shell compressed-lenticular, thin, nearly equivalve, suborbicular ex- 
clusive of the ears ; basal margin rounded ; lateral margins rounded or 
with the posterior one sometimes slightly truncated or straightened on 
the upper slope, both apparently a little gaping above the middle ; um- 
bonal slopes straight and converging to the beaks at an angle of about 
115°; hinge margin very short, or scarcely equaling two-fifths of the 
greatest breadth of the valves below, in the left valve sloping very 
slightly inward from the extremities of the ears to the beak at the mid- 
dle, but in the right valve straight; ears small, fiat, triangular, equal, or 
very nearly so, and obtusely angular at the extremities, without any 
traces of a byssal sinus under them on either side ;* beaks small, equal, 



*The ears are not represented quite obtuse enough in our figure 4a. If their lat- 
eral margins were continued up from below straight (but obliquely), so as to intersect 
the hinge margin above at an angle of about 100°, instead of being a little sinuous, 
they would be correct. The same objection also applies, though in a less marked de- 
gree, to figure 4b. 
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compressed, and not projecting above the hinge margin or showing the 
slightest obliquity; superior lateral regions compressed and separated 
from the more convex central portion by shallow undefined impressions 
that diverge from each side of the beaks at an angle of about 90°, the 
one on the posterior side being usually longer than the other. Surface 
appearing nearly smooth, but showing under a magnifier very fine, reg- 
ular, crowded, and obscure concentric striae, with a few finely marked, 
irregular furrows of growth, and sometimes the slightest possible traces 
of radiating striae, that are generally entirely obsolete. 
Height, 1.04 inches; breadth, 1.08 inches. 

The foregoing description was mainly drawn up from the specimen 
represented by our figure 4a. This I believe to be a left valve. Other 
specimens in the collection, however, present the form shown by our fig- 
ure 4b, These are believed to be the right valve of the same species, and 
will be seen to have the hinge line straight, and the superior lateral 
margins more protuberant in outline, so as to give a different form to the 
whole valve. I have observed precisely the same differences between 
what we have every reason to believe to be the opposite valves of a 
scarcely distinguishable species found in the Coal Measures, as may be 
seen by figures given on plate 9 of Palaeontology of Eastern Nebraska, 
published in Hayden's Nebraska Report of 1872, and on plate 26 of the 
fifth volume of the Illinois Geological Reports. 

I am in considerable doubt in regard to the specific name that ought 
to be retained for this shell. It perhaps agrees most nearly with Prof. 
Winchell' description of his Pernopecten Shumardianus. But after seeing 
how these shells vary in the slight details of form and their obscure sur- 
face markings, it seems to me quite as probable that it may belong to his 
P. limatus, or rather that the latter and P. Shumardianus may both belong 
to one species, also including our shell. Prof. Winchell did not see the 
hinge in either of these forms, but merely referred them to his genus 
Pernopecten from their general external resemblance to the type of that 
group. I feel well assured, however, that at least the specimens here 
under consideration have not the crenate hinge characterizing Pernopec- 
ten, and can not be properly referred to that group. 

Again, it certainly bears very close relations to Avicula Cooperensis, 
Shumard, from rocks of the same age in Missouri. In making compari- 
sons with the latter, however, it should be kept in mind that the figure 
of Shumard's species, given in the Missouri report, was drawn from a 
very aberrant specimen, which also had its ears partly hidden by the 
rock, so as to cause a misapprehension in regard to their form. The 
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radiating costse seen on Shumard's figure, as I have elsewhere explained, 
are also made much too strong by the engraver, even for the individual 
specimen there represented, while in a great majority of specimens no 
traces of them whatever are to be seen. In looking over a large collection of 
specimens of P. Cooperensis, sent by Dr. Williams, of Boone ville, Mis- 
souri, to the Smithsonian Institution, from the same locality and bed 
from which Dr. Shumard's original typical specimens were obtained, I 
could only discover faint traces of radiating costso on two or three of 
them, while all of the others were as completely destitute of any such 
costse as the specimen from which our figure 4a was drawn. 

At one time I strongly suspected that Aviculopecten lirniformis of White 
and Whitfield, the type of Pernopecten, Winchell, might also be the same 
species as Avicula Cooperensis, Shumard; but on examining the speci- 
mens of the latter mentioned above, I was unable to discover any traces 
whatever, in any of them, of the crenate character of the hinge seen in 
the type of Pernopecten. 

Some years back, Prof. Winchell did me the favor to loan me the type 
specimens of his genus Pernopecten, and I made careful drawings of two 
of them, one of which shows the crenate character of its hicge very clearly, 
while the other gives as satisfactory a view of the exterior. They are both, 
I think, right valves, and the one showing the hinge agrees almost exactly, 
in all specific characters, with the form represented by our figure 46, 
though it is proportionally not quite so broad, and has slightly more ob- 
tuse ears, while the other agrees even more closely in form with our fig- 
ure 4a, excepting in having its hinge straight, which, I think, is due to 
the fact of it being a right valve. Again, Prof. Winchell's type actually 
seems to agree exactly, in all constant specific characters, with Entolium 
aviculatum (==Pecten aviculatus, Swallow), already mentioned, from the 
Coal Measures. So we have here a remarkable case of shells presenting 
extremely little or no constant specific difference, and yet differing in a 
character of the hinge that seems to be of generic importance. 

Locality mid position : The specimen from which our figure 4a was drawn came from 
the Cuyahoga shale of the Waverly group at Eichmond, Ohio, and that represented 
by figure 46 came from the Waverly group at Lodi, Ohio. Prof. Winchell's type 
specimens of E. Shumardianus and E. Umatus came from the yellow arenaceous beds at 
Burlington, Iowa, and I believe he has identified the same forms at this horizon in 
Michigan. 
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Genus AVIOULOPECTEN, McCoy, 1851. 

(An. and Mag. N. H., VII., 171.) 
AVICULOPECTEN CRENISTRIATUS, Meek. 

Plate 15, figs, la, b. 
Amculopecten crenistria, Meek (1871) ; Proceed. Acad. Nat. Sci., Philad., XXIII., 4. 

Shell thin, attaining a moderately large size, plano-convex, with a 
truncato-suborbicular outline ; heighth and breadth nearly equal ; basal 
margin more or less regularly rounded ; posterior margin rounding from 
the posterior ear into the base, sometimes a little straightened above ; 
anterior side rounded so as to make a shorter curve than the other; 
hinge less than the breadth of the valves in length, but rather long. 
Left valve moderately convex ; beak rising a little above the hinge mar- 
gin, nearly or quite central, and not oblique ; posterior ear small, with a 
marginal ridge, flat, without being separated from the swell of the umbo 
by a sulcus, rather acutely angular at the extremity, and distinctly 
shorter than the margin below, from which it is separated by a nearly 
rectangular notch ; anterior ear larger, or sometimes nearly as long as 
the margin below, rather acutely angular at the extremity, convex, and 
separated by a rounded impression from the umbo, defined by a rather 
deep subangular marginal sinus. Surface ornamented by numerous, very 
slender, radiating costae or raised lines, separated by rather wide, fiat 
spaces, in each of which a still smaller line is sometimes intercalated ; 
crossing all of these are smaller, regularly arranged, sharply elevated, 
concentric lines, that seem to form little projections at the points of 
crossing, eo as to give a rough appearance to the surface; coste becoming 
more closely crowded, but not smaller on the ears. Right valve flat or a 
little concave, with beak obsolete ; ears flat, and of nearly the same size 
and form as in the other valve, excepting that the anterior one is broader 
and defined by a more shallow and more rounded sinus than appears to 
exist in the left valve; surface cancellated by regular, rather closely 
arranged, radiating and concentric lines, the latter being very sharply ele- 
vated, and minutely and regularly waved, crenate, or somewhat vaulted ; 
radiating costse somewhat larger and more distant on the ears. 

Height, 2.50 inches ; breadth, 2.78 inches ; convexity, 0.40 inch. 

The specimens of this species are not very well preserved, being 
mainly casts with some portions of the surface. It is rather remarkable 
in having only a comparatively shallow rounded sinus under the an- 
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terior ear of the flat right valve, where it is usually deep and angular 
in species of this genus, while in the left it is deeper and more angular, 
though none of the specimens are in a condition to show clearly its exact 
form. One cast shows a little of the cardinal plate, which is rather 
coarsely striated longitudinally. None of the specimens of the left 
valve have the surface well enough preserved to show whether the 
sharply elevated concentric lines or laminae are minutely waved, as in 
the other valve, but they probably are so when the surface has not been 
worn or exfoliated. 

I am not acquainted with any described species so nearly allied to this 
as to render a comparison necessary. 

Locality and position : Sciotoville, Ohio. Upper part of the Waverly series of the 
Lower Carboniferous. 



Aviculopecten Winchelli, Meek. 

Plate 15, figs. 5a and 56 ? 

Shell attaining about a medium size ; left valve compressed convex, 
exclusive of the ears, presenting a slightly oblique, irregularly subtrig- 
onal or subcircular outline; hinge equaling two-thirds to three-fourths 
the greatest breadth below ; basal outline forming a more or less oblique 
semicircular curve ; posterior margin most prominent near the middle, 
where it is usually subangular, and thence rounding into the base below, 
while above it is straightened or even slightly concave in outline 
obliquely forward and upward into the sinus under the ear; anterior 
margin most prominent above the middle, where it is somewhat abruptly 
rounded, and thence descending and curving nearly vertically into the 
base, and rounding, with a slightly straightened outline, obliquely up- 
ward and backward into the sinus above ; ears subequal, or with the pos- 
terior one about one-fourth larger than the other, both abruptly flattened 
from the umbonal slopes, triangular in form, and shorter than the mar- 
gins below, the posterior one being generally rather acutely angular, and 
defined by a deep, wide, rounded or subangular sinus, while the anterior 
is a little more obtuse than the other, and defined by a somewhat nar- 
rower and more angular sinus; beak rather compressed, abruptly pointed, 
with apex subcentral, and extending to, or very slightly above, the 
hinge margin. Surface of both disc and ears ornamented by numerous 
small radiating linear costaj or raised striae, about every third, fourth, or 
fifth one of which is usually slightly larger than others, the smaller 
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ones generally dying out at various distances between the free margins 
and the beak; crossing all of these radiating costee, numerous, much 
finer, more crowded, and more regular concentric stria?, and a few very 
obscure ridges and furrows of growth, may be seen. 

Breadth of largest specimen of this valve seen, 1.88 inches; height, 
1.53 inches; convexity, about 0.24 inch; length of hinge, 1.10 inches. 

The foregoing description and measurements are, as stated, made out 
entirely from left valves. There are, however, in the collection, from the 
same beds and locality, casts of some smaller right valves, that almost 
certainly belong to the same species. (See fig. 56.) These are very 
nearly, or, sometimes, quite fiat, have the ears proportionally larger, so 
as to make the hinge line as long as the breadth of the disc below, while 
the sinuses under their ears are deeper and narrower (particularly the 
anterior one*) than in the other valve. They also differ in having the 
flattened disc smooth, or only showing minute, crowded, concentric striae, 
with sometimes very faint traces of radiating lines. On the ears, how- 
ever, this valve has the radiating costse nearly or quite as strong as those 
of the other valve. 

The specimens of the left valve vary somewhat in form, some of the 
smaller being proportionally narrower across the disc, and having the 
ears more nearly equal (the anterior one being also more acutely angu- 
lar) than that represented by our figure 5a. In other large specimens, 
however, the proportional breadth is even somewhat greater than in that 
we have figured. 

This species has very nearly the outline and surface markings of A. 
Coxanus, Meek and Worthen, from the Coal Measures of Illinois and 
Nebraska.f The right valve of the A. Coxanus is unknown, but its left 
valve is so nearly like that of certain varieties of the form under consid- 
eration, that there is little, excepting the much larger size and more 
robust appearance of the Waverly shell, by which the two can be distin- 
guished. Yet I have no doubts in regard to their belonging to distinct 
species, not only from the great difference of size, but also on account of 
the rather widely separated horizons at which they occur, the species of 
this type of lamellibranchiate shells being usually more restricted in 
their vertical range. In size, it agrees more nearly with Aviculopecten 
rectilaterarius, Cox; but it differs from that species in having a deep 



* This anterior sinus is not represented quite angular enough in our figure 56. 

t See Palaeontology Eastern Nebraska, published in Hayden's Nebraska Report of 
1872, pi. 9, fig. 2a. 
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sinus under the posterior ear, as well as in some of its less important 
details. 

Locality and position: The specimens figured on our plate are from the Waverly 
group of the Lower Carboniferous, at Newark, Ohio. Through the politeness of Prof. 
A. Winchell, I was permitted to make tracings for comparison from drawings he has 
prepared of this shell from the same horizon in Michigan. 



Genus PAL^EONEILO, Hall, 1870 ? 
(Prelim. Notice Lamellib. Upper Held., etc., 6.*) 

Pal^oneilo Bedfordensis, Meek. 

Plate 15, figs. 3a, 6, c. 

Shell subovate, compressed, or moderately convex, height more than 
three-fourths the length, the highest point being in front of the middle ; 
basal margin semiovate, most prominent antero-centrally, from near 
which it ascends with a slightly straightened, oblique outline behind, 
and rounds up oblique to the front; posterior margin narrowly rounded, 
and somewhat compressed; anterior side shorter and more broadly 
rounded; dorsal margin arcuate, declining more abruptly in front of the 
beaks, which are moderately prominent, and situated a little more than 
one-third the length of the valves from the anterior margin. Surface 
ornamented by very fine, regular, closely arranged concentric strise, that 
become obsolete on the posterior third of the valves. Oblique posterior 
sulcus very faintly indicated, or entirely wanting. 

Length, 0.57 inch; height, 0.42 inch; convexity, about 0.14 inch. 

This species seems to be most nearly allied to P. brevis, from the New 
York Chemung, but differs in.not being " very ventricose," and in having 
its lines of growth very regular, instead of " irregular." Like that 
species, its oblique posterior sulcus or constriction is quite nearly obso- 
lete. I have not seen its hinge clearly enough to be entirely sure that it 
belongs to the group Palxoneilo; but from its crenate hinge margin, and 
general form, it probably belongs to that genus. 

Locality and position : Bedford, Ohio. Bedford shale of the Waverly group. 

* I cite this paper here and elsewhere, with the above date, not because I know it 
to have been properly published at the time, but because I have heard of a few copies 
being sent out during the year 1870, one of which I have seen. Neither this copy, 
nor, so far as I can learn, any of the others, had any title page or author's name at- 
tached ; but it has been attributed to Prof. Hall in a notice published in the Ameri- 
can Journal of Science and Arts. 
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Genus SCHIZODTJS, King, 1844.* 

(Ann. and Mag. Nat. Hist, XIV., 313.) 

Schizodus Medinaensis, Meek. 

Plate 15, figs, la, 6, c. 
Schizodus Medinaensis, Meek (1871) ; Proceed. Acad. Nat. Sci., Philad., XXIII., 165. 

Shell of medium size, subtrigonal, moderately convex above the mid- 
dle and cuneate below, somewhat longer than high ; anterior side rounded ; 
basal margin somewhat straightened or slightly convex in outline along 
the middle, rounded up regularly in front and more abruptly behind ; 
dorsal outline sloping nearly at right angles from the beaks toward the 
extremities, the anterior slope being more abrupt than the other ; pos- 
terior side longer than the anterior, sloping with a more or less convex 
or subtruncate outline above, and very narrowly rounded at the extrem- 
ity below ; beaks rather prominent, abruptly pointed, located a little in 
advance of the middle ; posterior umbonal slopes rather prominently 
rounded or subangular from the beaks obliquely to the posterior basal 
extremity. Surface nearly smooth, or only showing fine lines of growth. 

Length, 1 inch ; height, 0.82 inch; convexity, 0.44 inch. 

This species has been supposed to be identical with, or nearly related 
to,- a New York Chemung form, which was, I believe, described by Mr. 
Conrad under the name Nuculites Chemungensis. It certainly differs, 
however, materially in form from that shell as figured and described by 
Mr. Conrad in Vol. VIII. of the Journ. Acad. Nat. Sci., Philad., and 
might with about as much propriety be identified with Western Coal 
Measure species, ranging even up into beds referred by some to the Per- 
mian. One of these, described by Prof. Swallow under the name Oypri- 
cardial Wheeleri (Trans. St. Louis Acad. Sci., Vol. II., p. 96, 1862), and 
figured by Prof. Geinitz under the name Schizodus obscurus, in his " Car- 
bonformation und Dyas in Nebraska," agrees more nearly in form, but 
differs in being decidedly more depressed, with less elevated beaks, and a 
more truncated posterior outline. It also differs from the shell under 

* Mr. Tate has proposed (Geol. Mag., 1868, p. 412) to change the name of this genus 
to Axinopsis, because Sehizodon had been used, in 1842, by Waterhouse, for a genus of 
Mammals. This, however, seems entirely unnecessary, the two names, Schizodus and 
Sehizodon, although identical in meaning, are sufficiently distinct in sound and to the 
eye to prevent confusion. Other instances of names as nearly alike being both re- 
tained in Natural History, might be cited. 
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consideration, in being sometimes a little sinuous on the posterior basal 
margin. Another Coal Measure form figured by Prof. Geinitz, under the 
name Schizodus Rossicus, is in some respects still more nearly like our 
shell, but differs in other characters. 

As difficult as it certainly sometimes is to separate closely allied species 
of this genus, I can not think that we ought to refer to the same species 
forms found occupying such widely different horizons as the Chemung 
group of the Devonian, and the Waverly group and Coal Measure of the 
Carboniferous ; on the contrary, it seems to me that we ought generally, 
under such circumstances, to regard them as distinct species, although it 
may not be easy, in all cases, to point out well-defined distinctions in the 
fossilized shells. 

Locality and position : Medina, Ohio. Waverly group of the Lower Carboniferous. 



Genus GRAMMY8IA, DeVerneuil, 18*7. 
(Bull. Soc. Geol. Fr., IV., 2d ser., 696.) 

G-rammysia? Hannibalensis, Shumard (sp.). 

Plate 16, figs. 5a, b, c. 

AUorisma Hannibalensis, Shumard (1855) ; Missouri Geological Report, Vol. L, Part II., 

p. 206, pi. 0, fig. 19. 
Orammysia Hannibalensis, Hall (1870 ?) ; Prelim. Notice Lamellibr. Upper Helderberg, 

etc., p. 62. 

Shell small, transversely subovate or subtrapezoidal, with anterior and 
umbonal regions gibbous, and the height at the beaks equaling about 
three-fifths the length ; anterior end sloping abruptly from the beaks 
above, with a straight or slightly concave outline, to the lower end of the 
lunule, where it narrowly rounds into the base, or is sometimes suban- 
gular ; base forming a broad semi-elliptic or semi-ovate curve ; posterior 
extremity more compressed, apparently sometimes a little gaping, usu- 
ally narrowly rounded in outline at the middle, and thence truncated 
obliquely forward and upward above, to the posterior extremity of the 
hinge ; cardinal margin more or less nearly horizontal, straight, or a little 
concave in outline, and inflected along its entire length so as to form a 
well-defined escutcheon; lunule generally distinctly defined, rather deep, 
and presenting an obovate outline ; beaks prominent, strongly incurved 
at right angles to the hinge, so as to bring their points nearly or quite 
in contact ; posterior umbonal slopes prominently rounded ; posterior 
dorsal region abruptly compressed, and sometimes separated from the 
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swell of the umbonal slopes by a faint undefined sulcus extending from 
immediately behind each beak, obliquely backward and downward to 
the truncated edges of the posterior ends of the valves. Surface orna- 
mented by usually well-defined concentric ridges and furrows, that are 
small and very regular on the umbones and strongest anteriorly, but 
generally become obsolete on the posterior dorsal region ; crossing these 
a small, very obscure sulcus may often be seen extending from each beak 
nearly directly downward to the base. 

Length of a well-developed adult specimen, 1.35 inches; height of do., 
0.81 inch ; convexity, 0.71 inch. 

Although always presenting peculiarities of general physiognomy by 
which it can be readily recognized, this shell varies much in form, as 
well as in the size and regularity of its concentric ridges and furrows. 
The furrow extending down each valve from the beaks, is generally ob- 
solete,, or so faintly defined as scarcely to attract attention, though it is 
quite distinct on some specimens. On some individuals, like that rep- 
resented by our figure 5a, the concentric ridges and furrows are very 
strongly defined, and comparatively large, while on others they are 
smaller, as seen in figure 5c, and on still others they fade away and become 
so irregular as not to be readily distinguished, on the lower and posterior 
parts of the valves, from the marks of growth. 

As may be seen by the synonymy, this shell was originally referred by 
Dr. Shumard to the genus Allorisma, King, and more recently it has been 
referred by others to Grammysia, DeVerneuil, with which latter it cer- 
tainly seems to be rather closely connected through other species. Still 
it appears to me to be quite as nearly related to Prof. McCoy's genus 
Sedgwickia, as originally founded by him in 1844, on his 8. attenuata, S. 
bellata, S. corrugata, etc., though it is widely distinct from the original 
typical forms of the group (Leptodomus) to which he refers such shells in 
1855. 

Locality and position: The specimens we have figured are from the Waverly sand- 
stone of the Lower Carboniferous, at Medina, Ohio. It also occurs at Cuyahoga Falls, 
and various other localities at the same horizon in Ohio, as well as in the yellow 
arenaceous beds at Burlington, Iowa; also at Hannibal, Missouri, where the speci- 
mens described by Dr. Shumard were obtained. It is likewise found at this horizon 
in Illinois, and is said to occur in the Chemung group (Devonian) in New York and 
Pennsylvania. 
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GrRAMMYSIA? RHOMBOIDES, Meek. 

Plate 16, figs. 7a, b. 

Grammysia rhomboides, Meek (1871); Proceed. Aead. Nat. Sci., Philad., XXIII., 72. 

Shell attaining a moderately large size, rhombic-suboval in outline, 
with height equaling about three-fourths the length, not very convex, 
the greatest convexity a little before and above the middle ; valves with- 
out an oblique mesial ridge or fold, closed, or nearly so, all around; 
basal margin most prominent just behind the middle, from near which 
it ascends with a nearly straight outline obliquely forward, and more 
abruptly with a convex outline behind ; anterior side truncated oblique 
forward from the beaks above, and very narrowly rounded near the mid- 
dle; posterior side less narrowly rounded at the middle, with its upper 
edge probably sometimes obliquely truncated; cardinal margin equaling 
about one-third the length of the valves, and inflected so as to form the 
usual well-defined escutcheon, which narrows backward from the beaks ; 
lunule rather deep, well defined, lance-ovate in form, and as long as the 
truncated anterior dorsal slope ; beaks moderately prominent, not very 
gibbous or very strongly incurved, and situated a little nearer the mid- 
dle than the anterior margin ; posterior umbonal slopes forming a very 
obscure rounded ridge, between which and the dorsal and posterior 
dorsal margins there is a rather narrow, slightly concave, or flattened 
space on each valve. Surface with only small marks or lines of growth, 
which are gathered into very small obscure wrinkles along the margins 
of the lunule. 

Length, 2.90 inches; height, measuring vertically from the most 
prominent part of the base to the horizon of the tops of the beaks, 2.15 
inches ; do., to cardinal margin behind the beaks, 1.93 inches ; convex- 
ity, 1.40 inches. 

I only know this shell from cists which show neither the nature of the 
hinge nor the muscular or pallial impressions. It presents no traces of 
the characteristic oblique mesial fold or ridge seen in the typical forms 
of Grammysia, and might, when its cardinal margin and lunule are con- 
cealed in the matrix, be mistaken for a large Schizodus. Its well-defined 
lunule and escutcheon, however, and obsolete muscular impressions, 
show that it can not be even nearly related to that group. As the casts 
show no indications of the characteristic internal cartilage process of 
Edmondia, and it does not seem to have the habit of Cardiomorpha, I 
know of no genus to which it appears to be more nearly related than to 
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Grammysia, and have concluded to place it provisionally in that group, 
until its relations can he more precisely determined from the study of 
better specimens. 

Locality and position : Same as last. 



GrRAMMYSIA VENTRICOSA, Meek. 

Plate 16, figs. 6a, 6 (and pi. 13, figs. 5a, 6, var.) 

Grammysia ventricosa, Meek (1871) ; Proceed. Acad. Nat. Sci., Philad., XXIII., 73. 

Shell attaining a moderate size, extremely ventricose, the convexity 
being greater than the height, with the greatest gibbosity a little in 
front of and above the middle ; height equaling about half the length ; 
posterior side comparatively long, a little gaping and narrowly rounded 
in outline at or a little above the middle ; pallial margin usually slightly 
sinuous near the middle, or in front of it ; anterior side very short, con- 
cave just under the beaks to the base of the lunule, where the margin is 
subangular, or very abruptly rounded and most prominent, while below 
this it curves obliquely backward into the base; cardinal margins 
scarcely more than equaling half the entire length of the valves, and 
inflected so as to form the usual shallow escutcheon ; beaks very gibbous, 
moderately elevated, oblique, strongly incurved, and placed almost over 
the anterior margin ; lunule deep, ovate or obovate, and well defined ; 
posterior umbonal slopes prominently rounded; flanks without any 
oblique ridge or sulcus. Surface marked on the anterior side of the 
valves, near the lunule, by small wrinkles, which pass into mere lines 
and linear furrows of growth farther back, while even the latter become 
nearly or quite obsolete over the more gibbous parts of the valve. 

Length of largest specimen seen, 2.50 inches ; height, 1.30 inches ; con- 
vexity, 1.55 inches. 

I know nothing of the hinge or muscular and pallial impressions of 
this shell, and refer it, like the last, to Grammysia, from its form and 
general appearance. It shows no traces of the oblique ridge and furrows 
seen on the typical species of that genus, but it is well known that this 
character is not constant in the group. 

Locality and position Same as foregoing. 
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Genus EDMONDIA, DeKoninck, 184 L 

(Anim. Foss. Garb, Belg., 66.) 

Edmondia? tapesiformis, Meek. 

Plate 13, fig. 6. 

Shell longitudinally suboblong-oval, about once and a half as long as 
high, rather compressed; posterior side rather obliquely rounded; an- 
terior side very short, rounded, or subtruncate ; basal margin forming a 
long nearly elliptic curve ; dorsal very straight, and but very slightly 
declining posteriorly ; beaks anterior, oblique, and scarcely rising above 
the cardinal margin; umbonal slopes not angular or even prominent. 
Surface ornamented by regularly arranged, raised concentric lines or 
small ridges, separated from each other by wider furrows. 

Length, 1.81 inches; height, 1.10 inches; convexity, about 0.46 inch. 

This species is only referred to the above mentioned genus with great 
doubt, as nothing is known in regard to the nature of its hinge or other 
internal characters. It seems to be a thin shell, but does not present 
the general aspect of AUorisma, Sanguinolites, Sedgwickia, or any of the 
allied groups, being much more compressed, and apparently closed all 
around. So far as can be determined from the only specimen yet seen, 
the cardinal margin does not appear to be inflected as in the most of the 
pakeozoic types believed to belong to the Anatinidw. In a side view it 
presents somewhat the appearance of a shell figured by Prof. McCoy, 
under the name Mactra ovata, in his Synop. Carb. Fossils of Ireland, pi. 2, 
fig. 4, excepting that it is proportionally about one-third longer and 
more compressed. In its proportional length and height it agrees more 
nearly with another form figured in the same work under the name Pul- 
lastra ovalis, but its extremities are more regularly rounded. 

Locality and position : Richfield, Summit county, Ohio. Waverly series of the 
Lower Carboniferous series. 

Gknus CARDIOMORPHA, DeKoninck, 1844. 

(Anim. Foss. Carb. Belg., 101.) 

CARDIOMORPHA SUBGLOBOSA, Meek. 

Plate 15, figs. 6a, 6. 

Shell subglobose, or a little higher than long, with convexity nearly 

equaling the length ; anterior and posterior margins rounding regularly 

into the base, and forming with the latter more than three-fourths of a 
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circle ; hinge line very short, ranging nearly at right angles to the ver- 
tical axis of the valves, and meeting the upper termination of the pos- 
terior margin at an obtuse angle ; cardinal margins a little inflected, so 
as to form a broad, shallow, corselet- like depression; beaks prominent, 
gibbous, incurved nearly at right angles to the hinge, and located cen- 
trally. Surface only showing obscure lines and a few somewhat stronger 
marks of growth, excepting on the immediate umbones, where there are 
small regularly disposed concentric wrinkles. Lunule moderately deep, 
narrow subovate, and not distinctly defined. 

Length, 1.47 inches ; height, 1.64 inches ; convexity, about 1.33 inches. 

I know nothing of the hinge and interior of this shell, and merely 
refer it to the genus Cardiomorpha from its similarity of form to some of 
the short elevated and gibbous forms originally included in that genus 
by its founder, DeKoninck. It agrees more nearly with the form he 
refers to C. oblonga, Sowerby (sp.), than with any other with which I 
have compared it, though its beaks are not near so strongly incurved or 
spiral, and differ in being marked with small regular wrinkles. It is 
also less gibbous, and does not have the margins of its valves meeting at 
acute angles, as in that shell, nor does it show any traces of the large 
concentric undulations seen on the same. 

Locality and position : Rushville, Ohio. Waverly group of Lower Carboniferous. 
Prof. Andrews's collection. 



Genus PROTHYRI8, Meek, 1869. 
(Proc. Acad., N. 8., Philad., XXI, 172.) 

Prothyris Meeki, Winchell, ms. 

Plate 15, fig. 2. 

Prothyris Meeki, Winchell (1872) ; cited from his ms. in Hayden's Nebraska Report,, 
page 223. 

Shell transversely elongate-rhombic in outline, with height more than 
one-third the length, rather convex ; basal margin long, nearly straight,, 
or sometimes faintly sinuous near or behind the middle ; dorsal outline 
short, straight, and sub-parallel to the base ; posterior extremity very 
narrowly rounded and prominent below, and nearly straight, with a long, 
very oblique slope above from the posterior end of the hinge; anterior 
end quite short, moderately gaping, with its notch shallow and very 
obtuse ; beaks small, oblique, rising little above the hinge margin, rather 
gibbous, and placed only about one-seventh the entire length from the 
20 
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anterior end; umbonal slopes very convex, or forming a prominent 
rounded ridge from the beaks obliquely backward and downward to the 
posterior basal margin; flanks more or less flattened or contracted along 
the middle near the basal margin, and thence obliquely forward and up- 
ward to the beaks. Surface showing only moderately distinct lines of 
growth. 

Length of a large, mature specimen, 1.07 inch ; height, 0.33 inch; con- 
vexity, about 0.30 inch. 

This species will be at once distinguished from P. elegans, the type of 
the genus, by its much greater convexity, more rhombic outline (caused 
by greatly more oblique outline of its posterior margin), and particu- 
larly by its more shallow and more obtuse anterior notch, and decidedly 
more prominent umbonal slopes. 

Locality and position : Rushville, Ohio, in the Waverly group of the Lower Carbonif- 
erous series. 

Genus SANGULNOLITES, McCoy, 1844. 
(Synop. Carb. Foss. Ireland, 47.) 

Sanguinolites ? obliquus, Meek. 

Plate 16, figs. 2a, b. 

Sanguinolites f obliquus, Meek (1871), Proceed. Acad. Nat. ScL, Philad., XXLII, 13. 

Shell so depressed and elongated as to be nearly three times as long as 
high, rather distinctly convex, particularly along the posterior umbonal 
slopes, which are more or less angular from the beaks nearly to the pos- 
terior basal extremity ; pallial margin very nearly straight along most 
of its length; anterior end extremely short, and a little sinuous on the 
upper side just in front of the beaks, the sinuosity being caused by a 
very small, deep lunule, at the lower end of which the margin is a little 
projecting and angular or sub-angular in outline, and from this little 
projection it curves obliquely backward into the base ; cardinal margin 
extending back about three-fourths the length of the valves, and in- 
flected so as to form a well defined lanceolate escutcheon along its entire 
length ; posterior side narrowed with a long slope above from the end of 
the hinge to the extremity, which is a little gaping and very narrowly 
rounded or almost angular below ; beaks strongly depressed, very oblique, 
compressed below the ridges, very nearly terminal, and with the imme- 
diate points incurved over the little lunule. Surface showing only lines 
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and furrows of growth, with occasional small, obscure concentric wrin- 
kles that are not regularly arranged. 
Length, 2.18 inches; height, 0.77 inch; convexity, 0.70 inch. 

This species seems to be nearly related to a form from the same rock 
at Medina, Ohio, specimens of which were loaned by Dr. Newberry to 
Prof. Hall sometime back, and returned with the name Sanguinolites eeolus 
attached. A careful comparison, however, of good specimens of each 
shows them to be clearly distinct, the form under consideration being 
much more convex along the umbonal slopes, which are also more angu- 
lar. Its beaks likewise differ in being decidedly more nearly terminal 
and the inflection of its cardinal margin wider. The specimens of S. eeolus 
also show faint traces of two or three very obscure longitudinal ridges 
above the umbonal angle of each valve, and impressions in casts, of a 
slight ridge behind the anterior muscular impression, that are not seen 
in our shell. 

From the little that is now known of the shell that will probably have 
to be regarded as the type of the genus Sanguinolites, it is impossible to 
determine whether or not such species as this can be properly referred, 
to that genus. They seem to agree, however, more nearly with the same- 
than they do with the typical forms of Allorisma, to which they are also, 
related. 

Locality and position : Rushville and Newark, Ohio. Upper part of the "Waverlf 
group of the Lower Carboniferous. 

Sanguinolites ^eolus, Hall. 

Plate 16, figs, la, b, c. 

Sanguinolites xolus, Hall (1870 T), Preliminary Notice of the Lamellibranchiate Shells, 
of the Upper Helderberg, Hamilton and Chemung groups, etc., page 46. 

Shell depressed, sub-elliptic, rather compressed, with height equaling 
about two-fifths the length ; basal margin forming a long, semi-elliptic 
curve, or sometimes nearly straight along the middle and curving up. 
gradually at the extremities ; dorsal margin behind the beaks, long, sub- 
parallel to the base, nearly straight, or very slightly convex in outline;, 
and abruptly inflected along its entire length so as to form a narrow,, 
lanceolate false area or escutcheon, while in front of the beaks it slope* 
abruptly forward with a distinctly concave outline to the most promi- 
nent part of the front margin, which is above the middle and more or 
less angular, or very narrowly rounded ; beaks small, oblique, compressed 
laterally, depressed nearly to the dorsal line, and placed about one- 
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seventh the entire length of the valves behind the anterior extremity; 
posterior umbonal slopes very oblique, angular at and near the beaks, 
but becoming more obtuse as they extend obliquely backward and down- 
ward to the most prominent part of the posterior margin ; flanks below 
and posterior dorsal regions above the umbonal ridges more or less flat- 
tened, while in some specimens a very faint impression may be seen 
extending from each beak obliquely backward and downward below each 
umbonal slope nearly to the central region of the base (see fig. la, pi. 16). 
Surface marked with rather distinct concentric lines, and obscure ridges 
and furrows, crossed sometimes by very obscure traces of radiating lines 
that are generally quite obsolete on casts, while some specimens show 
scarcely perceptible indications of two linear radiating ridges, or raised 
lines on each posterior dorsal region, above the umbonal ridge (see 

fig. 1<0- 

Length of largest specimen seen, about 1.71 inch ; height, 0.70 inch ; 
.convexity, 0.40 inch. 

Our figures and description are from some of the original typical 
.specimens of the species, or at least that were labeled and returned to 
Dr. Newberry, with the name attached, by the author of tiie species. It 
; seems to be related to the last, but differs in the characters mentioned 
.in the remarks on that species. 

Locality and position : Our figured specimens are from the Cuyahoga shale (a part 
.of theWaverly sandstone series), Medina county, Ohio; it also occurs at the same 
jhorizon at Newark, Ohio. 



Genus PROMACRUS, Meek, 1871. 
(Am. Jour. Conch., VII, 4.) 

Promaceus Andeewsi, Meek. 

Plate 17, figs, la, 6. 

•Sanguinolites (Promacrvs) Andrewsi, Meek, 1871, lb., 7. 

: Shell attaining a large size, elongate-subtrapezoidal, the length being 
imore than three times the height, moderately convex, with flattened 
.flanks; posterior margin obliquely truncated from the posterior extrem- 
ity of the hinge to the base ; basal margin long, nearly straight or but 
slightly convex in outline; anterior extremity very narrowly rounded; 
• dorsal margin nearly straight and parallel to the base behind the beaks, 
but declining gently forward with a slightly concave outline in front, 
where it seems to be inflected so as to form a lanceolate lunule ; beaks 



WAVERLY GROUP SPECIES. 309 

nearly central, or located a little in advance of the middle, depressed 
nearly to the horizon of the dorsal line behind them ; posterior umbonal 
slopes sub-angular near the beaks, but becoming more prominently 
rounded along a line between the posterior basal extremity and the um- 
bonal region ; ligament apparently extending nearly the whole length 
of the cardinal margin behind the beaks, more or less prominent exter- 
nally, but apparently extending rather deeply between the margins all 
the way along. Surface with moderately distinct ridges and furrows of 
growth, most clearly denned on the anterior slope, where they seem to 
be somewhat interrupted by obscure traces of radiating furrows. 

Length, about 6.90 inches; height, about 2.22 inches; convexity, 1.60 
inches. 

This fine species is intermediate in its characters between P. nasutvg, 
Meek, and P. Mmouriensis, Swallow. It differs from the latter, however, 
in having its beaks more nearly central, and its posterior dorsal margin 
proportionally shorter, as well as in having its anterior dorsal margin 
more concave in outline, and its posterior umbonal slopes decidedly less 
angular. The farther anterior position of its beaks, and its obtusely 
rounded umbonal slopes, also readily distinguish it from P. nasutus. 

I originally placed this group as a subgenus under Sanguinolites of 
McCoy; but it is more probably distinct generically from that group, 
though this question can never be positively decided until the hinge of 
these shells, and that of Prof. McCoy's type, can be known and compared. 
The species here described is named in honor of Prof. E. B. Andrews, of 
the Ohio Geological Survey, who discovered the typical specimen. 

Locality and position : Sciotoville, Ohio. Waverly group of the Lower Carbonif- 



Genus ALLORISMA, King, 1844. 
(Mag. Nat. Hist., XIV, 316.) 

Allorisma (Cercomyopsis) pleuropistha, Meek. 

Plate 13, figs. 4a, b, a 

AUorisma (Sedgvrickial) pleuropistha, Meek, (1871), Proceed Acad. Nat. Sci., Philad., 
XXIII, 14. 

Shell depressed and elongated, or more than twice as long as high, 
moderately convex centrally and anteriorly, and attenuated and produced 
behind; pallial margin long, nearly straight along the middle, rounded 
up anteriorly, and ascending more gradually behind ; posterior side very 
narrow, truncated and somewhat gaping at the extremity, which meets the 
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cardinal margin at an obtuse angle, and rounds abruptly into the base ; 
anterior side wider (higher) than the other, and more or less abruptly 
rounded ; dorsal margin depressed below the horizon of the beaks behind 
the latter, where it is concave or nearly straight in outline, and inflected 
so as to form a short corselet near the beaks, while in front of them it 
slopes forward rather abruptly, and is provided with a well defined oval 
lunule ; beaks moderately prominent, rather gibbous, and incurved with- 
out any obliquity or fissure, placed a little less than one-third the length 
of the valves from the anterior margin ; posterior umbonal slopes form- 
ing obscure subangular ridges which extend toward the posterior basal 
extremity, but become obsolete before reaching it, while above this ridge 
the posterior dorsal region is flattened, or a little concave, and smooth. 
Surface ornamented with more or less defined concentric wrinkles and 
lines of growth, which are crossed on the posterior-central regions by 
linear, but distinct, raised, radiating costse, separated by wider depres- 
sions. Of these costse the anterior sometimes descend almost vertically 
from the beaks, with more or less curve, to the base, while farther back 
they gradually become more oblique, and near the middle of the flanks 
more closely arranged, but above and behind this they are more widely 
separated again, and nearly as oblique as the obscure umbonal ridge, 
above which they are not defined. 

Length, 2.28 inches ; height, 1 inch ; convexity, about 0.85 inch. 

This shell strongly reminds me, by its general outline and physiog- 
nomy, of those Jurassic species for which Prof. Agassiz proposed the 
genus Cercomya. In that group, however, there is no lunule, and I am 
not aware that any of the species of the same are marked by radiating 
eostse as in the species under consideration. Prom all that is known of 
its characters I am inclined to believe it more nearly allied to the curi- 
ous Lyonsia-like carboniferous shells upon which Prof. McCoy originally 
proposed to found the genus Sedgwiclcia, but which he afterwards referred 
to the genus Leptodomus. Still it differs from this group (Sedgwiclcia) also 
in the possession of radiating costse. These costee are not mere rows of 
granules such as doubtless existed on nearly all the different types of 
this family (Anatinidee), but decided costse, such as we see in Pholadomya; 
and, what is rather singular, they do not exist on the anterior part of 
the valves, but extend only as far forward as the beaks, under which 
they end abruptly, the anterior one being as strongly defined as any of 
the others, while only the concentric strise and wrinkles exist on the 
anterior third of the valves, as well as on the posterior dorsal region. In 
the possession of the radiating costse mentioned, as well as in the short- 
ness of its hinge, the inflection of its cardinal margin, and in its general 
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physiognomy, it differs from the typical species of Allorisma, and hence 
it may be thought desirable to establish a subgenus for its reception, in 
which case I have elsewhere proposed for the group the name Cercomy- 



Along with the typical specimen of the foregoing species another was 
found, with the same form and surface characters, excepting that its 
anterior end, in front of the beaks, is shorter, and more angular at the 
lower end of the lunule, while the anterior of its radiating costse are 
directed much more obliquely backward, instead of descending nearly 
vertically from the beaks to the base. This specimen (see fig. 4&) has 
the posterior end broken away, but as the peculiarities mentioned seem 
not due to any distortion, it may possibly belong to another species ; if 
so, Allorisma (Sedgwickia f) obliqua would be a good name for it. 

Locality and potitian ; Rushville, Ohio. "Waverly group of Lower Carboniferous. 
Prof. Andrews's collection. 

Allorisma Winchelli, Meek. 

Plate 16, figs. 3a, b, c. 
Allorisma Winchdli, Meek (1871), Proceed. Acad. Nat. Sci., Philad., XXIII, 167. 

Shell of about medium size, elongate subelliptic, the length being equal 
to about three and a half times the height, moderately convex ; posterior 
extremity a little gaping, obliquely subtruncated above and narrowly 
rounded below the middle ; anterior extremity very short, closed, concave 
in outline obliquely forward and downward from the beaks above to the 
lower end of the lunule, where it is subangular, and from this point 
rounding off obliquely into the base; ventral margin forming a broad, 
gentle curve, but generally somewhat straightened, or sometimes faintly 
sinuous near the middle ; dorsal margin nearly straight, or a little con- 
cave in outline, and showing the usual inflection, which forms a lanceo- 
late escutcheon with a slight ridge on each side, from the beaks to the 
posterior extremity of the hinge, which equals about three-fourths the 
entire length of the valves; beaks much depressed, very oblique, in- 
curved, and located only about one-fourteenth the entire length of the 
shell from the anterior extremity ; posterior umbonal slopes merely some- 
what prominently rounded; anterior umbonal slopes generally slightly 
subangular near the beaks, and sometimes this prominence is obscurely 
continued as a faint rounded ridge obliquely backward and downward 
to a point a little in advance of the middle of the base. Surface orna- 
mented with concentric lines and ridges of growth, that generally assume 
the character of little regular wrinkles on the umbones. Lunule small, 
rather deep, moderately well defined, and obovate in form. 
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Length of a mature specimen, 1.74 inches ; height to middle of dorsal 
side, 0.83 inch; do. to horizon of beaks, 087 inch; convexity, 0.70 inch; 
length of hinge line, 1.17 inches. 

This is a very neat, symmetrical species, often found in an excellent 
state of preservation as casts of the exterior, showing perfectly the form 
and surface-markings, excepting the fine granulations usually, if not 
always, existing in species of this genus. Like some other species of 
th group, it varies considerably in form, some individuals being pro- 
portionally shorter and higher than others. In size and general appear- 
ance it sometimes closely resembles A. clavata of McChesney, from the 
Chester group. It does not resemble the particular variety of that shell, 
however, figured by Prof. McChesney, so nearly as it does what I have 
always believed to be the usual form of the same ; his typical specimen 
having the beaks more prominent and farther removed from the anterior 
end than in the more normal form of the species, and its dorsal outline 
straighter and more sloping posteriorly, with the valves more compressed. 
Compared with specimens that I have referred to, A. clavata from the 
Chester group of West Virginia, collected by Prof. Stevenson, our Waverly 
species is found to agree very nearly with some individuals of the latter, 
though it always has its ridges of growth less strongly defined and more 
irregular, and its anterior basal margin usually more oblique. It also 
differs in the possession of an obscure anterior umbonal ridge extending 
from the beaks obliquely backward and downward nearly or quite to the 
basal margin, a little in advance of the middle. 

The specific name is given in honor of Prof. A. Winchell, the able 
State Geologist of Michigan, who has described many fossils from the 
same horizon in the western States. 

Locality and position : Bushville and Newark, Ohio. Upper part of the Waverly 
group of the Lower Carboniferous. 

Allorisma ventricosa, Meek. 

Plate 16, figs. 4a, b. 
AUorisma ventricosa, Meek (1871), Proceed. Acad. Nat. Sci., Philad., XXIII, 168. 

Shell subovate, the length being about once and a half the height, 
moderately convex; posterior margin obliquely subtruncated above, 
and narrowly rounded or subangular near the middle ; thence curving 
obliquely under and forward ; base rather deeply and somewhat irregu- 
larly rounded, the most prominent part being near the middle; anterior 
side short, with an obliquely truncate or concave forward slope above, to 
the lower extremity of the lunule, where there is a more or less angular 
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projection, below which the margin curves with a slightly convex out- 
line obliquely backward and downward sometimes nearly to the middle 
of the base ; dorsal margin more or less concave in outline, and showing 
the usual lanceolate escutcheon margined on each side by a subangular 
ridge ; hinge equaling about two- thirds the length of the valves ; lunule 
rather small, deep, well defined, and narrow-subovate in form; beaks 
moderately prominent, oblique, and placed about one-seventh the length 
of the valves from the anterior end. Surface ornamented by small, 
irregular ridges and furrows of growth. 

Length, 1.46 inches ; height to cardinal margin, 0.98 inch ; do. to hori- 
zon of beaks, 1.03 inches ; convexity, 0.66 inch; length of hinge, 1 inch. 
Another specimen, 1.54 inches in length, has a convexity of 0.75 inch. 

It is quite possible that this may be only a variety of the last, but as 
I have before me ten good specimens of that shell, and two of the form 
under consideration, and there are among them no intermediate grada- 
tions between the two forms, I can but regard them as distinct species. 
The shell here described differs from the last, with which it was found 
associated, in being proportionally decidedly shorter and wider (higher), 
as well as in having its ventral margin much more prominent or deeply 
rounded in the central region. Its beaks are also less oblique, rather 
more prominent, and proportionally farther from the anterior end. It 
shows some faint traces of a similar anterior oblique umbonal ridge to 
that seen in the preceding species, but it is less distinct, and does not 
show so decided a tendency to become angular at the beaks. 

Locality and podtitm : Eushville, Ohio. Waverly group. 

GASTEROPODA. 

Genus PLATYCERAS, Conrad, 1840. 

(Prelim. Report Palaeont. N. Y., 205.) 

Platyceras (Orthonychia ?) Lodiense, Meek. 

Plate 13, figs, la, b. 

Platyceras {Orthonychia t) Lodiense, Meek (1871), Proceed. Acad. Nat. Sci Philad 
XXIII, 170. 

Shell rather small, non-spiral, or merely having the form of a, rapidly 
expanding cone, with a backward obliquity that brings the apex nearly 
over the posterior margin ; lateral slopes nearly straight or slightly con- 
cave, and converging to the apex at an angle of about 80°; posterior side 
vertical and decidedly concave in outline; anterior slope a little more 
than twice as long as the height of the posterior side, moderately convex 
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in outline, and provided with a ridge or obtuse carina along its entire 
length; aperture oval-suborbicular, being slightly longer than wide; lip 
more or less sinuous at the middle of the anterior side, on one or both 
sides of the termination of the central ridge of the anterior slope, which 
ridge terminates in a little projection at the margin. Surface marked 
by fine lines of growth, which are most distinct on the anterior slope, 
where they curve backward as they approach the mesial ridge, and then 
abruptly forward in crossing the ridge ; extremely faint traces of minute 
radiating striae apparently also exist; apex rather abruptly pointed and 
directed backward without any lateral obliquity. 

Length, measuring obliquely from apex, 0.97 inch ; breadth, 0.82 inch ; 
length from anterior to posterior margin, 0.90 inch ; height of apex, 0.44 
inch. 

This species is remarkable for its regular, depressed, obliquely conical 
form and non-spiral apex, which is merely obtusely pointed and directed 
backward without the slightest lateral curve. It therefore departs widely 
in form from the typical species of Platyceras, and agrees more nearly 
with an Oriskany shell described in the third volume of the Palaeon- 
tology of New York, under the name Cyrtolites? expansus, excepting that 
its apex is not so attenuated and produced. Although probably not a 
true Platyceras it seems to me more nearly allied to the section of the 
same, for which the name Orthonychia has been proposed, than to Cyrto- 
lites, which was founded on a very different type (O. omatus, Con.), with 
a peculiar style of ornamentation. In its surface markings our shell 
agrees with Platyceras, being merely marked with fine lines of growth, 
more or less undulated on the anterior slope, while the traces of very fine 
radiating striae indicate relations to the section Orthonychia, with which 
the shell also agrees more nearly in its non-spiral form. It therefore 
bears the same relations to the elongated forms of Orthonychia that those 
depressed, rapidly expanding species of Platyceras, such as P. calanticum 
and P. obesum, bear to the typical forms of the latter genus. 
Locality and position : Lodi, Ohio. Waverly group of Lower Carboniferous. 

Genus PLEUROTOMARIA, Defrauce, 1826. 
(Diet. Sci. Nat., XLI, 381.) 

Pleurotomaria textiligera, Meek. 

Plate 13, figs. 7a, b. 
Pleurotomaria textiligera, Meek (1871, Proceed. Acad. Nat. Sci., Philad., XXIII, 176. 
Shell attaining a medium or somewhat larger size, turbinate or rhom- 
bic, suboval in general outline, with height a little greater than the 
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breadth; spire depressed conical ; volutions four or five, flattened exactly 
on a line with the slope of the spire from the apex to near the middle 
of the last turn, where there is more or less defined angle; last turn 
large, somewhat ventricose below the angle, and produced so as to make 
this angle near the middle of the entire bulk of the shell; umbilical 
region a little excavated, the excavation apparently being continued as 
a small perforation up into the axis ; aperture, as inferred from sections 
of the body volution, obliquely rhombic-oval ; suture merely linear, or 
sometimes very narrowly channeled between the middle volutions ; spiral 
band occupying, and slightly truncating, the angle of the body volution, 
where it is flat or a little concave, and passing around immediately 
above the suture on the volutions of the sphere, excepting on some of 
the upper turns, where it seems to sink nearly or quite below the suture 
line. Surface very neatly cancellated by distinct, regular, curved, thread- 
like transverse and revolving lines, of about equal size and distance 
apart, the former becoming much finer and arched backward in crossing 
the band. 

Height of a large specimen, 1.42 inches ; breadth of revolving band on 
body volution, 0.10 inch; angle of spire, 70° to 80°. 

I was for some time inclined to think this might be the form described 
by Dr. White and Mr. Whitfield, from the same horizon at Burlington, 
Iowa, under the name Pleurotomaria Mississipiensis, but on comparison with 
a sketch of the typical specimen in the Museum of the University of 
Michigan, sent to me by Prof. Winchell, I find it to be quite distinct. 
The type specimens of P. Mississipiensis are natural casts, but Prof. Win- 
chell's sketches show that they differ from casts of the species under con- 
sideration in having the angle of the body volution continued on those 
of the spire distinctly above the suture, so as to give them a turreted 
appearance instead of being all flattened exactly on a line with the slope 
of the spire. It also has the spire more elevated than that of our shell, 
and the upper slope of the body volution concave instead of fiat. Indeed, 
White and Whitfield's species is more nearly allied to P. tabulata of Con- 
rad, from the Coal-Measures, than it is to that under consideration. 

Locality and position: Medina, Ohio. Waverly group of the Carboniferous, where 
it seems to be quite abundant. 
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PTEROPODA. 

Genus CCXNULARIA, Miller, 1818. 

(Sowerby's Min. Con., .) 

CONULARIA MICRONEMA, Meek. 

Plate 18, figs, la, b, c, d. 

Conularia micronema. Meek (1871,) Proceed. Acad. Nat. Sci., Philad., XXIII, 84. 

Shell elongate-pyramidal, with the sides equal and diverging from the 
apex at an angle of about sixteen degrees ; lateral surfaces nearly fiat, and 
without any mesial furrow, but sometimes showing a very faint, slender 
, mesial ridge, that becomes nearly or- quite obsolete toward the smaller 
end ; each of the four angles a little rounded and provided with a shal- 
low, moderately distinct longitudinal furrow. Surface with numerous 
extremely small, closely crowded transverse striae, of very nearly the 
same size on all parts of the shell ; striae gently arching forward as they 
cross the side, and scarcely interrupted at the little mesial longitudinal 
ridge, minutely crenate, and separated by extremely slender linear fur- 
rows, numbering fifteen in the space of one-tenth of an inch, on all parts 
of the surface ; crenulations of striae twelve to fifteen in one-tenth inch. 

Length of a specimen broken at both ends, with a diameter of 0.96 
inch at the larger end, and 0.46 inch at the smaller, 2.30 inches. 

This species is remarkable for the extreme fineness and closely crowded 
uniform character of the transverse striae on all parts of the surface. I 
know of no other species resembling it in other respects, with near such 
fine, crowded striae. At a little distance these lines are often entirely 
invisible to the unassisted eye, and it requires the aid of a magnifier to 
see them distinctly. The furrows between these striae are mere impressed 
hair lines in which no crenulations are visible in the specimen. 

Locality and position: Sciotoville, Ohio. Waverly or lowest division of the Carbon- 
iferous. 

Conularia Newberryi, Hall. 

Plate 18, figs. 2a, &. 
Conularia Newberryi, Hall.* 

Shell attaining a moderately large size, presenting the usual elongate- 
pyramidal form, with equal or subequal lateral surfaces diverging from 
the apex at an angle of about sixteen degrees ; sides a little convex, and 

* I have not been able to find Prof. Hall's description of this shell, and only know 
that the form here described has been generally identified with it. 
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showing an obscure, undefined mesial line ; each of the four angles more 
or less rounded and strongly furrowed. Surface with distinct, sharply- 
elevated, fmely-crenate transverse costse, that are separated by larger 
furrows, and all arching a little forward from the angles to an indistinct 
mesial line, along which their inner ends sometimes terminate alter- 
nately, or are, in other instances, directly continuous across, without 
interruption ; number of costse in 0.51 inch, where the sides measure 
085 inch across, eleven to twelve, and each bearing about fifteen crenu- 
lations in 0.18 inch at the same place; furrows between the costse appar- 
ently smooth. 

Length apparently from three to four inches. 

This species will be at once distinguished from the last by its very 
much larger and more distant costse, which apparently also differ in 
increasing regularly in size, as well as in their distance apart, from the 
smaller to the larger extremity, instead of continuing of nearly the same 
size. Cross sections indicate a slightly greater diameter in one direction 
than at right angles to the same, but this may be due to accidental pres- 
sure. As far as can be seen in the specimens examined, the rather wide 
furrows between the costse seem to be smooth, or with only faint traces 
of minute strise of growth. 

Locality andpoHtwn: The original type specimens of this species were found in 
the Waverly group of the Lower Carboniferous. The example from which the fore- 
going description and our figures were prepared, came from the same horizon at Lou- 
donville, Ohio. 



CRUSTACEA. 

ENTOMOSTRACA. 

Genus CEKATIOCARIS, McCoy. 

? Subgenus COLPOOARIS, Meek, 187-'. 

(Proceed. Acad. Nat. Sci., Philad., XXIV, 333.) 

On first examining the species here placed under the above subgeneric 
name, their general similarity to certain forms that have been referred 
to Ceratiocaris of McCoy was readily perceived, but a critical comparison 
with the figures and descriptions of Prof. McCoy's original typical species 
of that group, such as his C. solenoides, C. ellipticus, and his more recently 
described Q. ornatus from the Silurian, satisfied me that our species pre- 
sent differences of apparently more than specific importance. I there- 
fore sent some of the specimens to Prof. Dana, of New Haven, with the 
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view of obtaining his opinion respecting their relations to the genus 
Ceratiocaris, and he informed me that Dr. S. I. Smith, of that city, and 
himself concur in the opinion that they do not properly belong to the 
same genus as the typical forms of Ceratiocaris. 

The differences to which I allude consist first in the general form of 
the carapace valves, which, instead of being truncated with a nearly 
straight outline from below forward and upward, are truncated backward 
and upward, with a profoundly sinuous outline, the sinus being directed 
somewhat obliquely forward and upward, while the posterior extremity 
of the dorsal margin is produced, pointed, and curved downward. Again, 
they show a peculiar inflection of the ventral margin, which gives it a 
more or less carinate appearance. In the species G. Bradleyi, this mar- 
gin is always fixed along this line at an acute angle inward and upward, 
while in the species C. elytroides it is less strongly inflected, though the 
linear carina is well defined, and sometimes minutely crenated. This 
last mentioned species also shows another linear, minutely crenate carina 
or ridge near the dorsal margin, and would, therefore, bear some resem- 
blance to Dithyrocaris in this respect, but otherwise, particularly in the 
form of its carapace valves, it is quite distinct from that type. 

It is also worthy of note that none of the specimens yet obtained show 
any traces of an ocular tubercle or spot, so constantly seen in the typi- 
cal species of Ceratiocaris. Again, they always present a clear, smooth 
outline to the dorsal margin of the carapace valves, thus indicating that 
they were merely connected there by a kind of flexible ligament, while 
the valves of Ceratiocaris were supposed by Prof. McCoy to be anchylosed, 
and rigidly united at a fixed angle along the dorsal margin. 

I have little or no doubt in regard to the importance of some, if not 
all, of these differences, but from deference to the general reluctance of 
geologists and some palaeontologists to accept new genera separated under 
such circumstances, I merely proposed, in first describing the following 
species, to arrange them provisionally as a subgenus of Ceratiocaris, under 
the name Colpocaris, in allusion to the sinus of the posterior margin. 
The same arrangement is also continued, provisionally, here. 

Cekatiocakis (Colpocakis) Bradleyi, Meek. 

Plate 18, figs. 6a, 6, c, d, e. 

Ceratiocaris (Colpocaris) Bradleyi, Meek (1872); Proceed. Acad. Nat Sci., Philad., 
XXIV, 332. 

Carapace valves large, rhombic-subelliptic, more than twice as long as 
high, moderately convex ; dorsal margin forming a broad, depressed arch 
from end to end; ventral margin more deeply arched downward than 
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the dorsal is upward, its most prominent part being near the middle, 
along which the inflected edge is directed upward and inward, while its 
entire length, owing to the obliquity of the posterior end, is shorter than 
the dorsal margin; posterior margin very deeply and somewhat obliquely 
sinuous, thus causing the downward-curved, posterior-dorsal extremity 
to project considerably farther backward than the end of the basal mar- 
gin below the sinus; anterior end narrowed, with its margin rounded 
up from below so as to connect with the dorsal nearly at a right angle 
above. Surface smooth to the unassisted eye, but showing under a mag- 
nifier very minute reticulated markings. 

Length about 2.75 inches; height, 1.25 inches. 

This species agrees most nearly, in size and form, with Ceratiocaris 
(Colpocaris) sinuatus, Meek and Worthen, from the Lower Coal Measures 
of Grundy county, Illinois, and was found by Prof. Bradley enveloped in 
exactly the same way in concretions. It differs, however, specifically in 
being proportionally narrower in its vertical diameter, with the most 
prominent part of its basal margin more nearly central. It also differs 
in having its posterior dorsal extremity more produced and more pointed, 
as well as more curved downward, while that of its lower margin is 
proportionally shorter, owing to the obliquity of the deep sinus of the 
posterior end of the valves. 

Associated with these fossils Prof. Bradley also found the caudal ap- 
pendages (telson and stylets) probably of this species, judging from their 
comparatively large size. One of these specimens has these appendages 
1.35 to 1.40 inches in length, and about 0.10 inch in breadth, at the lar- 
ger end, the telson being apparently slightly shorter than the stylets, 
(see fig. 6d, of plate 18). 

The specific name was given in honor of Prof. Frank H. Bradley, of 
Knoxville, Tennessee, to whom I am indebted for the use of the type 
specimens. The large specimen represented by fig. 6a. is considered the 
type of the species. 

Locality and position: Base of the Waverly group, at Danville, Kentucky. Prof. 
Bradley's collection. 

Ceratiocaris (Colpocaris) elytroides, Meek. 

Plate 18, figs. 5a, 6, c. 

Ceratiocaris (Colpocarvs) elytroides, Meek (1872), Proceed. Acad. Nat Sci Philad 
XXIV, 334. 

Carapace valves narrow-subelliptic, about twice and a half to three 
times as long as high, and rather distinctly convex ; anterior end nar- 
rower than the other, and subangular or narrowly rounded above; dorsal 
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margin gently arcuate from end to end, and terminating behind in a 
pointed projection that extends a little farther backward than the lower 
margin, and curves distinctly downward; posterior margin truncated 
obliquely from above forward and downward, andvery deeply sinuous, the 
sinus being directed a little upward and forward ; basal margin most prom- 
inent near the middle, and behind this straight, or sometimes very faintly 
sinuous, and ascending to the rather obtusely pointed, posterior basal 
extremity, while from near the middle forward it ascends gradually, at 
first, with slight convexity of outline, and farther forward with a stronger 
upward curve until it intersects the dorsal margin above. Surface with 
an obscure, linear, sometimes minutely crenate carina, or raised line 
along near, but not exactly parallel, to the lower margin (being most 
remote from it along near the middle), and another similar but more dis- 
tinctly crenate carina, running along parallel to and about one fifth the 
height of the valves below the dorsal margin, otherwise appearing to the 
unassisted eye as if perfectly smooth, but when examined in a favorable 
light, by the aid of the highest power that can be conveniently used as 
a hand magnifier, seen to be very beautifully and minutely striated, the 
striae being very regular, closely arranged, and more or less divaricating 
from the carinas. 

Length of carapace valves, 1.25 inches; height, 0.46 inch; convexity 
of each valve, 0.09 inch. 

This species may be readily distinguished from the last, not only by 
its smaller size, but by its narrower form and two minutely crenate 
longitudinal carinas, but particularly by the different nature of its mi- 
croscopical sculpturing, that of the last described species presenting a 
delicate reticulated appearance, instead of minute hair lines. The basal 
margins of its valves, below the carina, are also only a little deflected 
inward and downward, while in all the specimens of the last yet seen, 
they are abruptly deflected at an acute angle inward and upward. 

Locality and position : Same as last. 

Sub- genus SOLENOCAEIS, Meek, 1872. 

(Proceed. Acad. Nat Sci., Philad., XXIV, 335.) 

I did not submit this form to Prof. Dana, but as it differs quite as 
materially (though in other respects) from the typical forms of Ceratiocaris 
as those I sent to him do, and as widely, or even more widely, from those 
I sent than the latter do from Ceratiocaris proper, I have ventured to 
separate it under a distinct subgeneric name. Like the last described 
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type, it shows no traces of ocular spots, while it has the posterior end 
merely subtruncated very obliquely backward from below, but not in the 
slightest degree sinuous. At a first glance it looks like the valves of a 
narrow, elongated bivalve mollusk, but its sculpturing is decidedly of 
crustacean type, being like that of some species of Ceratiocaris proper. 
It shows no indications of having its valves anchylosed along the dorsal 
margin. 

Ceratiocaris (Solenocaris) strigata, Meek. 

Plate 18, figs. 4a, 6, c.) 

Ceratiocaris {Solenocaris) strigata, Meek, (1872) ; Proceed. Acad. Nat. Sci., Philad., 
XXIV., 335. 

Carapace valves narrow and elongated, the length being about four 
times the height, rather distinctly convex ; dorsal and ventral margins 
nearly straight and parallel ; anterior very narrowly rounded, the most 
prominent part being at the middle; posterior end so obliquely trun- 
cated as to impart a pointed appearance to the posterior dorsal extremity, 
which is not curved. Surface showing well-defined, comparatively rather 
coarse, more or less anastomosing longitudinal striae, that seem not to 
curve exactly parallel to the anterior and lateral margins, and are usu- 
ally more or less impressed upon internal casts. 

Length, 1.24 inches; height, about 0.30 inch ; convexity, about 0.23 inch. 

Locality and position : Same as last. Prof. Bradley's collection. 

TETRADECOPODA. 

? Gknus ARCILEOCAR1S, Meek, 1872. 
(Proceed. Acad. Nat. Sci., Philad., XXIV., 335.) 

Archjeocaris vermiformis, Meek. 

Plate 18, fig. 7. 
Archieocaris vermiformis, Meek (1872) ; Proceed. Acad. Nat. Sci., Philad., XXIV., 335. 

The specimens of this fossil yet known are too imperfect to be sys- 
tematically characterized, but it may be described, in a general way, as 
follows, the description being intended to apply to a side view of an 
individual, as seen more or less compressed laterally in concretions : 

Cephalothorax, or head, about equaling the length of the first three and 
a half of the body segments behind it; subtrigonal in form, being some- 
21 
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what pointed in front, with the posterior margin wider, obliquely trun- 
cated from above backward and downward, and sinuous, so as to give 
more or less angularity to the posterior basal extremity ; basal margin 
apparently with a kind of ridge or fold along most of its length, and 
ascending with a slightly convex outline forward, so as to meet the dor- 
sal margin (which is more nearly horizontal) at a rather acute angle in 
front; eyes (if there are any) unknown; abdomen or body with the six 
segments of nearly equal size, and strongly imbricating ; telson appar- 
ently as long as three of the abdominal segments, flattened, of moderate 
breadth anteriorly, and tapering behind; stylets not clearly seen, but 
apparently one on each side of the telson. Other abdominal appendages 
unknown. Surface of all parts smooth. 

Length of head or cephalothorax, from the anterior to the posterior 
basal extremities, 0.34 inch; height, 0.18 inch; length of the six body 
or abdominal segments, 0.51 inch; height, 0.16 inch; length of telson 
unknown. 

In one of the specimens there is a leg-like appendage, seen in the 
matrix extending close along under and parallel to the basal margin of 
the head or cephalothorax. This appendage, or rather what can be seen 
of it, consists of three joints, two long and one short. The posterior joint, 
although apparently broken at the posterior end, is 0.13 inch long, and 
rather stouter than the next in front of it, which is of the same length. 
The third joint only shows a little of one end, which connects with the 
anterior end of the forward one of the two longer joints, and is flexed at 
right angles to the latter, so as to pass under the anterior margin of the 
cephalothorax. This may possibly be one of the abdominal appendages 
bent forward, but it has more the appearance of a stout antenna bent 
■backward. Prof. Dana thinks it most probably the latter. 

In regard to the affinities of this type not much can be said without 
better specimens for comparison. Prof. Dana suggests, however, that it 
may possibly have some relations to the recent genus Cuma. Being 
unable to find any defined genus to which it can be properly referred, I 
proposed for its reception a new genus under the name Archmocaris, in 
allusion to the ancient period of its existence. 

Locality and position : Same as preceding. 
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TRILOBITA. 

Genus PHILLIPSIA, Portlock, 1843. 

(Report Geol. London, etc., 305.) 

Phillipsia (Gtriffithides?) Lobiensis, Meek. 

Plate 18, fig. 3. 

Compare PhUliptia insignis, Winchell (1863) ; Proceed. Acad. N. S., Philad., XV., 24. 

Rather small, with an elliptic general outline, the length being some- 
what less than twice the breadth ; cephalic shield forming rather more 
than a semicircle, with the posterior lateral angles terminating in acutely 
pointed spines that extend back to the third thoracic segment ; anterior 
and lateral margins rounded in outline, and provided with a more or less 
flattened border, ornamented above with a row of small tubercles,* that 
extend back a little upon the posterior lateral spines, while it is some- 
what thickened and finely striated on the under side; glabella small, 
longitudinally oval, moderately prominent, separated from the cheeks 
on each side by a well-defined furrow, but without visible lateral furrows 
of its own (unless there may be a posterior one on each side separating 
a little tubercle) ; whole surface occupied by about twenty-five distinct 
tubercles or coarse granules ; eyes small, tuberculiform, rather prominent, 
and situated near and opposite the posterior third of the glabella, with 
the visual surface smooth or very minutely reticulated; cheeks occupied 
by comparatively coarse, prominent tubercles, like those on the glabella; 
thorax with middle lobe somewhat wider and higher than the lateral, 
from which it is separated by well-defined furrows ; segments of mesial 
lobe ornamented with tubercles, arranged so as apparently to form five 
longitudinal rows ; pleurae each provided with two nodes, arranged so as 
to form two rows along each lateral lobe, those of the outer row being a 
little larger than the others, and situated somewhat within the middle 
of each lateral lobe at the point where the pleurae bend to form the slope 
to their lateral extremities; pygidium semielliptic, with length and 
breadth as three to four, very convex; mesial lobe very prominent and 
equaling more than one-third the entire breadth at the anterior end, 
rather rapidly tapering backward to an obtuse, prominent termination 
before quite reaching the posterior margin, provided with twelve or thir- 

* Not represented in the figure, or clearly seen in the specimen drawn, but observed 
in others. 
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teen segments, each one of which bears five little nodes arranged so as 
to form five rows, those of the middle row being larger and more promi- 
nent than the others, and thus giving the lobe a carinated appearance; 
lateral lobes somewhat flattened above for about half their breadth, at 
which point they bend suddenly downward for a short distance, and then 
obliquely outward to form a rather broad, sloping border, each provided 
with seven to nine segments, the posterior of which are very obscure 
and directed nearly backward, the segments each bearing two or three 
little nodes arranged so as to form as many longitudinal rows, and all 
continued down upon and across the sloping border, at the edge of which 
they terminate in little pointed projections so as to present a fimbriated 
appearance around the posterior and lateral edges. (This latter charac- 
ter is not represented in the figure.) 

Length, 0.49 inch; breadth, 0.28 inch; length of cephalic shield, 0.20 
inch ; do. of a pygidium of another specimen from Loudonville, in a fer- 
ruginous matrix, 0.23 inch in length by 0.30 in breadth, with a height 
(of mesial lobe) of 0.10 inch. 

As the only specimen of this species showing the entire fossil has the 
head somewhat crushed, it is possible that it may be necessary to modify 
the description of that part in some of the details when perfect specimens 
can be examined. This condition of the cephalic shield also renders the 
generic characters somewhat obscure. The apparently smooth eyes and 
glabella, without visible lateral furrows, would seem to indicate relations 
to Griffithid.es, though the form of the glabella is more like that of Phil- 
lipsia. The fimbriated character of the posterior and lateral margins of 
the pygidium, however, is very peculiar and hitherto unknown, I believe, 
in either of the above mentioned genera, though it occurs in one section 
(Phseton) of the allied genus Proetus ; hence it is possible our species 
should be called Proetus {Phseton) Lodiensis, as it would not be very sur- 
prising that this genus should be here found in this oldest member of 
the Carboniferous, though hitherto, I believe, only known in the Silurian 
and Devonian. 

Specifically the head of this trilobite resembles Phillipsia McGoyi of 
Portlock, more nearly than any other known to me, particularly in its 
coarsely tuberculated surface, with a row of tubercles arranged around 
the anterior and lateral margins, as well as in the oval form of its gla- 
bella. Its eyes, however, are proportionally smaller, its occipital ridge 
much more strongly developed and wider, while the tubercles of its mar- 
ginal row are not nearly so crowded as in Portlock's species. 

So far as can be determined from a description alone, the form under 
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consideration would seem to be nearly related, in some of its characters, 
to Phillipsia insignis, Winchell. In the description of that species, how- 
ever, the presence of a row of nodes around the margin of the cephalic 
shield is not mentioned, and its posterior lateral spines must be decid- 
edly longer than in our species if I correctly understand the description, 
in which they are said to "reach twice the length of the glabella from 
the anterior end." In the arrangement of the tubercles on the glabella, 
and in the possession of well-defined lateral lobes in the same, Prof. Win- 
chell's species also seems to differ, as well as in its "large" eyes. TheVe 
would likewise appear to be much more important differences in the 
pygidium, which in our species has the segments of the lateral lobes 
distinctly continued across the somewhat flattened margin, and termi- 
nating in little spine-like projections, so as to give the border a fimbri- 
ated appearance, while in F. insignis they are merely said to "become 
indistinct and disappear toward the margin." 

Locality and position : In the Cuyahoga shales at Lodi, Medina county, Ohio, and in 
ferruginous arenaceous beds of the Waverly group at Loudonville, Ohio. Lower Car- 
boniferous. 
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COAL-MEASURE SPECIES. 



MOLLUSCA 
POLYZOA. 

Genus SYNOCLADIA, King, 1849. 

(Ann. Mag. N. H., 2d ser., III., 388.) 

Synocladia biseeialis, Swallow. 

Plate 20, figs. 5a, b. 

Synocladia biserialis, Swallow (1858), Trans. St. Louis Acad. Sci., I., 179; Meek (1872), 
Palseont. Eastern Nebraska, in Hayden's Report, U. S. Geol. Survey of Nebraska, 
156, pi. VII., figs, ba-e ; also (1874) Am. Jour. Sci. and Arts, 486. 

Compare Septopora Cestrimsis, Prout (1858), Trans. St. Louis Acad. Sci., I., 448, pi. 
XVIIL, figs. 2a, b; Meek and Worthen (1870), Proceed. Acad, Nat. Sci., Philad., 15 ; 
Palseont. Illinois, pi. XXIV., figs. 14o-c ; Meek (1874), Am. Jour. Sci. and Arts, 486. 

Among the specimens from the Lower Coal Measures at Flint Ridge, 
near Newark, Ohio, there is a Synocladia agreeing so nearly with S. bise- 
rialis of Swallow that I am inclined to regard it as a variety of that 
species. It grows in very rapidly spreading, foliated, or possibly widely 
infundibuliform expansions, the stems seeming to radiate from the same 
point, and throwing off on each side lateral branches, which also give 
off, in the same way, lateral branchlets. The dissepiments, as in the 
typical forms of S. biserialis, are smaller than the primary and secondary 
branches, and strongly arched or angulated in passing across, while they 
give origin to intermediate branches about as often as in the typical 
specimens of S. biserialis, as in the latter there are only two rows of pores 
on each branch and stem, with minutely nodose mesial ridge or carina 
between. The pores on the dissepiments are arranged much as in S. bise- 
rialis, as is also the case with the fenestrules. 

The principal differences between these specimens and good examples 
of S. biserialis from Kansas and Nebraska are the following : In the first 
place, the entire structure of the form under consideration is more deli- 
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cate, particularly the longitudinal stems and thin branches, sell of which 
are proportionally more slender, so as to form with the dissepiment a 
finer and more regular reticulated structure. Again, the dimorphous 
cells of its non-poriferous side are proportionally larger and arranged 
very regularly on the stems and branches, one at each end of each dissepi- 
ment, instead of being very irregularly scattered over the whole of the 
non-poriferous side. If it should be considered desirable to designate this 
as a distinct variety of 8. biserialis, or if it should be found from a careful 
comparison of a good series of specimens to be specifically distinct from 
8. biserialis, it may take the name 8. gracilis. 

Locality and position : Lower Coal Measures, near Newark, Ohio. 



Genus PTILODICTYA, Lonsdale, 1839. 

(Murch. Sil. Syst.) 

Ptilodictya (Stictopoea) seeeata, Meek. 

Plate 20, fig. 4. 

Bifurcating or ramose, the bifurcations occurring usually at rather dis- 
tant intervals, and the divisions generally diverging at right angles from 
each other; poriferous surfaces nearly flat or much compressed; lateral 
margins of both stems and branches sharp and smooth, and provided 
with very short, obtuse or truncated, alternating, closely and regularly 
arranged lobes, or flattened lateral divisions, standing out at right angles 
to the margins, and, like the main stems and branches, bearing pores on 
each side ; pores small, apparently without distinctly projecting lips, and 
arranged in quincunx, so as to form on the stems and branches about six 
to eight longitudinal rows, generally separated from each other in all 
directions by spaces about equaling twice the diameter of the pores them- 
selves ; surface between the pores smooth or without ridges. 

Entire length of stems and branches unknown ; breadth, exclusive of 
the short, lateral projections, 0.12 inch; thickness, about 0.04 inch; num- 
ber of pores in 0.10 inch, measuring in the direction of the length of the 
stems, six; do., measuring obliquely, about seven. 

This species differs remarkably from all of the others known to me 
by the possession of the numerous, very short, regularly and closely 
arranged, obtuse or truncated lateral divisions, given off at right angles 
from both lateral margins of stems and branches. At first I was inclined 
to view these as the remains of lateral branches that had been accident- 
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ally broken away. They are too uniform in length, however, for this, 
and when carefully examined under a magnifier do not show any indi- 
cations of having been broken. They are generally about half as wide 
as the stems from which they spring, near 0.06 inch in lenpth, and are 
arranged at intervals of about their own breadth apart, with rounded 
sinuses between, thus giving a crenate or serrated appearance to the 
margins. The pores continue out on these short, lateral divisions ex- 
actly as on the stems, without interruption. 

Locality and position: Flint Ridge, Ohio. Lower Coal Measures. Prof. Andrews. 

Ptilodictya (Stictopora) carbonaria, Meek. 

Plate 20, figs. 3a, 6. 

Ptilodictya (Stictopora) carbonaria, Meek (1871) ; Proceed. Acad. Nat. Sci., Philad., 
XXIII., 160. 

Ramose, branches from their origin generally nearly equaling the 
breadth of the stems, from which they spring more or less alternately, 
and at angles generally of about 50° to 60° ; poriferous surface of each 
side fiattened-convex ; lateral margins sharp and smooth ; pores of each 
side arranged in quincunx, so as to form from about seven to nine lon- 
gitudinal rows (those of each two adjacent rows alternating), and about 
the same number may be counted in each oblique row, very nearly or 
quite circular, and each with prominent margins, so as to appear as if 
penetrating minute pustules ; intervening spaces usually once and a half 
to twice the breadth of the pores, and smooth, or without longitudinal 
ridges or furrows. 

Entire size unknown ; breadth of a medium sized branch, 0.14 inch ; 
thickness in the middle, 0.05 inch; number of pores in a space of 0.10 
inch of each longitudinal row, six, while in the oblique rows about seven 
may be counted in the same space. 

Among the Silurian species of Stictopora this seems to agree most nearly 
with S. punctipora, Hall, from the Niagara group, which it nearly resem- 
bles in its round pores with raised margins, as well as in the number 
and arrangement of its pores. It differs, however, in having its sharp, 
lateral margins smooth instead of being striated. A critical comparison 
of specimens would doubtless show other differences. Its branches are 
narrower, and the number of its longitudinal rows of pores is also less 
than in a species from the Corniferous limestone I have named P. Gilberti, 
which also differs in having longitudinal ridges between the rows of 
pores. 
Locality and position : Newark, Ohio. Coal Measures. 
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BRACHIOPODA. 

Genus SPIRIFER, Sowerby, 1815. 

[Min. Con., II., 42.] 

Spirifer (Trigonotreta) opimus, Hall ? 

Plate 19, figs. 14a, b, c, d, (et). 

Spirifer opimus, Hall (1858) ; Geol. Report Iowa, L, Part II., Palseont., 711. 
Compare 8. mbventricosus, McChesney (1860) ; Descriptions Palseozoic Fossils, 44. 

Shell attaining nearly a medium size, varying from transversely oblong 
to truncato-suboval, or approaching semicircular, moderately convex ; lat- 
eral margins connecting with the hinge behind at nearly right angles 
or less, and rounding anteriorly to the front, which is usually broadly 
rounded in outline, or sometimes subangular at the middle ; hinge line 
generally equaling the greatest breadth of the valves; dorsal valve a 
little less convex than the other, with its beak projecting very slightly 
beyond the hinge line, and incurved; mesial fold moderate, very narrow 
at the beak, and widening more or less rapidly to the front, bearing about 
five or six rather small plications or costse, the lateral ones of which 
often bifurcate once ; lateral slopes each provided with about twelve to 
fifteen generally simple but sometimes in part bifurcating costse; ventral 
valve rather evenly convex ; beak not very prominent, and more or less 
incurved ; area and foramen moderate, the former rather well denned and 
arching with the beak ; mesial sinus commencing very small at the beak, 
widening to the front, and occupied by about seven costse, only the mar- 
ginal ones of which usually extend to the beak, while the others within 
generally connect with these on each side at various distances between 
the front and beak ; costse of the lateral slopes as in the other valve. 

Length of a medium sized specimen, 0.80 inch ; breadth, 1.04 inches ; 
convexity, 0.63 inch. 

Like other analogous species of this genus, this varies in form, some 
specimens being more "extended on the hinge line than others, and the 
number of costse differing. Usually the costse are mainly simple, except- 
ing the lateral ones of the mesial sinus and fold, but sometimes a few of 
those on the lateral slopes also divide once. The form represented by 
fig. 14e has a narrow mesial sinus, a more extended hinge line, and more 
numerous plications, and consequently may belong to a distinct species, 
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though these shells, as stated, vary much in these characters. Both of 
the forms figured look unlike Prof. Hall's type of S. opimus, as illustrated 
in the Iowa Keport, being less gibbous and more transverse, with more 
numerous plications, but in the Illinois Coal Measures there are shells 
apparently undistinguishable from S. opimus, that seem to shade off into 
forms like those here figured. In some respects these Ohio shells agree 
more nearly with S. subventricosus, McChesney, which, however, is gen- 
erally regarded as a variety of S. opimus. I have also found it difficult 
to distinguish all of these shells from S. Keolcuk, var., Hall (Iowa Report, 
I., part II., 676, plate XXIV., fig. 4a). 

Locality and position : This shell occurs at many localities in the Coal Measures of 
Ohio, Illinois, Iowa, Missouri, and West Virginia ; also numerous places in the Rocky 
Mountain region of the far West. 



MOLLUSOA (PROPER). 
LAMELLIBRANCHIATA. 

Genus AVIOULOPECTEN", McCoy, 1851. 
(Ann. Mag. Nat. Hist, VII., 171.) 

Aviculopecten (Streblopteria?) Hertzeri, Meek. 

Plate 19, figs 13a, 6, c. 

Shell usually under medium size, higher than wide, rather compressed, 
the right valve being nearly fiat, and the left only moderately convex ; 
subovate in general outline (exclusive of the small ears), with a slight 
backward obliquity, caused by the greater prominence of the anterior 
margin ; basal outline semicircular and rounded regularly into the rather 
prominently rounded anterior margin ; posterior margin less prominent 
than the anterior, and forming a longer and more gentle curve from the 
posterior ear into the base ; hinge distinctly shorter than the antero- 
posterior diameter of the valves ; posterior ear in both valves very small, 
flattened, very obtusely angular, and much shorter than the margin 
below, from which it is only separated by a faint sinuosity, though it is 
well defined from the umbo ; anterior ear of each valve distinctly larger 
than the posterior, though not nearly as prominent as the anterior mar- 
gin below, rather strongly compressed or flattened, so as to be abruptly 
separated from the umbo, and in both valves defined by a distinct sinus 
from the margin below, the sinus being deeper and more angular in 
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the right valve ; beaks compressed, scarcely projecting above the car- 
dinal margin, and placed a little behind the middle of the hinge, as 
well as that of the valves. Surface of both valves elegantly ornamented 
by numerous, sometimes sharply elevated, nearly equal, very regularly 
arranged radiating and concentric lines, which are larger and more 
strongly defined on the anterior ear of the right valve, particularly the 
radiating markings, which there sometimes assume the character of 
small costse, while the concentric markings there in some examples pro- 
ject as little lamella} slightly above the hinge margin, so as to give it a 
subdented appearance. 

Height of one of the largest specimens seen, 1.32 inches ; anteropos- 
terior diameter, 1.20 inches; convexity, about 0.18 inch. 

I know of no other shell in our rocks that is liable to be confounded 
with this, its general form and neatly cancellated markings being suffi- 
cient to distinguish it. Although I refer it provisionally to Aviculopecten, 
I really do not think it belongs properly to that genus, as restricted to 
the typical forms. At least it differs from all the characteristic forms 
of Aviculopecten in having the anterior ear larger than the posterior, as 
well as in having its beaks placed a little behind the middle of the 
valves, thus giving the slight backward obliquity mentioned in the 
description. This latter character seems to approximate it to Streblop- 
teria of McCoy, but as we know nothing of its hinge and interior, it is 
not possible to determine whether it belongs to. that group or not. 

The specific name is given in honor of the Rev. H. Hertzer, of the 
Ohio Geological Survey, to whom I am indebted for the use of some fine 
specimens from his own private collection. 

Locality and position: Newark, Ohio. Lower Coal Measures. 



Genus PLACUNOPSIS, Morris and Lycett, 1853. 
[Monogr. Fossils Great Oolite, 6.] 

Placunopsis recticardinalis, Meek. 

Plate 19, fig. 12. 

Shell truncato-suboval or subquadrilateral, slightly oblique, with length 
and breadth nearly equal; cardinal margin straight, not quite equaling 
the greatest breadth of the valves; lateral margins almost straight and 
parallel, meeting the hinge at nearly right angles, and rounding regu- 
larly to the rounded ventral edge; upper valve depressed, most convex 
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between the beak and central region; beak small, depressed, and but 
slightly projecting beyond the cardinal margin, near the middle of which 
it is placed with scarcely perceptible obliquity; surface showing fine,* 
obscure lines, and a few stronger marks of growth, with faint traces of 
radiating striae, and an entirely distinct set of regular, transverse, waved 
or arched, parallel, little linear ridges or costs, which appear to have 
resulted from the markings of the surface of the object upon which the 
shell had grown; lower (right?) valve unknown. 

Ventro-dorsal and transverse diameters each about 0.95 inch ; convex- 
ity of the upper (left?) valve, about 0.13 inch. 

The shells of this type seem to vary so much in form that it is barely 
possible that this may be only an extreme variety of Placunopsis carbon- 
aria, Meek and Worthen. (See Illinois Geol. Rep., V., pi. 27, figs. 2a-cL) 
Its much longer and straighter hinge, however, and angular lateral ex- 
tremities, with its less prominent, more nearly central beaks, and nearly 
obsolete radiating stria;, all combine to give it so different an appearance 
that with such means of comparison as we now have on hand I can but 
regard it as a distinct species. 

It is not possible, from the specimens yet examined, to be absolutely 
sure that these Carboniferous shells agree exactly with the genus Placu- 
nopsis, but so far as can be determined they seem to agree quite closely 
with it. The Illinois specimens show the lower valve to be fiat, or at 
least to conform to the contour of the surface to which it seems to have 
grown by its whole under surface. It shows no traces of a perforation 
or sinus for the passage of a byssal plug, as in Anomia, while the upper 
valve, which, from the direction of its slight obliquity, appears to be 
the left one, always shows a curious mingling of concentric and radi- 
ating markings, with an entirely different set of regular, transverse, or 
oblique lines or ridges, as if the latter had been produced by the mark- 
ings of some other shell upon which it had grown, as we often see in 
Anomia, Crania and some other attached shells. 

Baron de Reyckholt has described a genus, Anomianella, from the Car- 
boniferous rocks of Tournay, that had a similar habit of growing on other 
shells, and assuming their style of markings. At one. time I thought it 
highly probable, from a notice I had seen of his genus, that it might 
include our shells of the type under consideration; but on seeing the 
figures of his A. proteus, which is supposed to be the typical species (I 
have not yet seen his description), I find it to be an oval shell, without 
the slightest traces of a straightened cardinal edge or marginal beak. 
Consequently it is very improbable that our shells can properly be placed 
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in the same genus. Baron de Reyckholt probably saw in some of his 
specimens characters distinguishing his genus from Crania, but if I were 
to form an opinion from his figures only, I should almost be led to think 
they represented a thin species of that genus. 

Locality and position: Coal Measures at Flint Ridge and Putnam Hill, Ohio. 
Prof. Andrews's collection. 



Genus POSIDONOMTA, Brown, 1837. 

(Leth. Geogn., 88, 164 and 342.) 

POSIDONOMYA FRACTA, Meek. 

Plate 19, figs. 7a, b. 

Shell obliquely subovate, compressed, very thin; posterior basal mar- 
gin regularly rounded ; posterior dorsal edge ascending obliquely forward 
to the hinder extremity of the hinge, which it meets at an obtuse angle ; 
anterior margin descending or truncated more or less nearly vertically 
from the beaks above, and rounding obliquely into the base below; hinge 
line straight, very short, and ranging at an angle of about 45° to 60° 
above the longer oblique axis of the valves; beaks terminal, very oblique, 
and projecting very little or not at all above the hinge margin ; surface 
marked by regular concentric undulations, with intermediate parallel 
striae. 

Length of a narrow right valve, 0.72 inch; breadth of same, 0.43 inch ; 
length of hinge, 0.22 inch. 

As may be seen by the figures, this little shell presents exactly all the 
external characters of an oblique Inoceramus, the smaller right valve rep- 
resented by fig. la being, in form and ornamentation, an exact miniature 
of the well known cretaceous Inoceramus problematicus. I know nothing 
of the hinge of these shells, but there is, of course, no probability that 
they belong to the genus Inoceramus, and it is scarcely possible that 
I. problematicus, which is unknown in any intermediate position, could 
occur both in the Cretaceous and Carboniferous rocks, even if the genus 
had so great a range in time, of which we have no evidence. I therefore 
refer this shell to the genus Posidonomya, to which it much more prob- 
ably belongs, though its generic relations cannot be considered definitely 
settled until its hinge characters can be determined. 

It will be observed that our figures represent a right and a left valve, 
that differ quite enough in form to belong to different species, but as 
they are opposite valves (of course not of the same individual), and such 
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shells often vary much in form, I prefer not to attempt to separate them 
specifically without knowing from the study of a series of specimens the 
extent to which this species varies. To prevent confusion, however, in- 
case they may be found to belong to two distinct species, I would state 
that the form represented by fig. la is considered the type of the species 
here described. 

Locality and position : In dark shales of the Coal Measures at Flint Ridge, Ohio. I 
think I have also seen imperfect specimens of the same shell from the Coal Measures 
of Illinois. 



G-bnus MACRODON", Lycett, 1845. 
[Buckman in Murch. Geo!. Chelt, 2d ed.] 

Macrodon obsoletus, Meek. 

Plate 19, fig. 9. 

Macrodon obsoletus, Meek (1871) ; List Carb. Fossils from West Virginia, 5 (Extr. from 
Rep. Regents University of West Virginia) - 

Shell (as determined from internal casts) transversely elongated sub- 
rhombic, rather compressed; hinge line nearly equaling the length of 
the valves; posterior margin compressed, obliquely truncated, and very 
slightly, so as to meet the hinge above at nearly a right angle, and 
subangular or very abruptly rounding into the base below; anterior 
margin intersecting the hinge at a right angle above, thence rounding 
downward into the base, which is not quite parallel to the dorsal margin 
and slightly sinuous near or a very little in advance of the middle ; beaks 
depressed very nearly to the line of the dorsal margin, rather compressed, 
and placed about one-fourth the length of the hinge from the anterior 
extremity ; surface showing a few distant concentric marks, traces of fine 
stria? of growth, which are crossed on the posterior dorsal region by fine, 
rather closely arranged, radiating striae. 

Length, 1.40 inches; height, 0.58 inch; convexity, about 0.22 inch. 

The original type specimen of this species is only about two-thirds as 
large as that here figured, which latter is only a partly internal cast of 
a right valve. This cast shows the impressions of two or three elon- 
gated posterior hinge teeth, nearly parallel to the cardinal margin. In 
a cross light it also shows obscurely the fine, radiating and concentric 
striae of the posterior dorsal region, the former of which escaped the eye 
of the artist when drawing the figure. On this part of the type speci- 
men these strise form a finely~cancellated style of ornamentation. 
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At a first glance this shell recalls Matrodon tenuistriatus, M. and W., 
(111. Report, V., 576, pi. XXIIL, figs. 4a, b), but it is a much larger, decid- 
edly less gibbous shell, and appears to be entirely without the minute, 
crowded, radiating striae seen on the central and anterior portions of that 
species. This absence of radiating markings on its central and anterior 
portions will also distinguish it from M. carbonarius (=Arca carbonaria, 
Cox), Kentucky Geol. Rep., Atlas, pi. "VIII., fig. 5), which has well defined 
radiating costse all over. 

Locality and position : The original type specimens of this species were in the lower 
part of the Coal Measures in Monongahela county, Wett Virginia, while the specimen 
here figured came from the Coal Measures at Newark, Ohio. Rev. Mr. Hertzer's col- 
lection. 



Genus YOLDIA, Moller, 184J 

(Kroyer's Nat. Tidsskr., IV., 91.) 

Yoldia Stevensoni, Meek. 

Plate 19, figs. 4«, 6. 

Yoldia Stevensoni, Meek (1871) ; List Carb. Foss. from West Virginia, 6 (Ext. from Rep. 
Regents University of West Virginia). 

Shell much compressed,very thin, longitudinally elliptic-subovate, being 
about twice as long as high, with the widest part a little in advance of 
the middle ; anterior margin narrowly rounded ; posterior narrower and 
more compressed than the anterior; basal outline broadly semiovate, 
being a little more prominent anteriorly ; cardinal border sharply cari- 
nated, and provided with a marginal furrow on each valve, slightly con- 
vex in outline anteriorly, and straight or a little concave behind the 
beaks; umbonal slopes not angular; beaks depressed and placed very 
slightly in advance of the middle. Surface ornamented by fine, regular, 
concentric lines, separated by wider furrows. 

Length, 0.78 inch; height, 0.38 inch; convexity, 0.16 inch. 

This is a very neat, remarkably compressed species, having exactly 
the form and external appearance of a true Yoldia, but its hinge and 
interior are unknown. The specific name was given in honor of Prof. 
John J. Stevenson, of New York, late of the University of West Virginia. 

Locality and position : The figured specimen was from Monongahela county, West 
Virginia, found in a dark shale just below the Mahoning sandstone. 
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Yoldia (Palaeoneilo ?) carbonaria, Meek. 

Plate 19, fig. 5. 
Yoldia (Palxoneilot) carbonaria, Meek (1871); List Carb. Eoss. West Virginia, 6 (Ext. 
from Rep. Regents University of West Virginia). 

This species is much more convex and elongated than the last, and 
has its beaks located farther forward, its anterior margin more narrowly 
rounded, and its posterior dorsal slope straighter and more declining. 
Its dorsal margin also wants the carinate and sulcate character of that 
shell, from which it also differs in having its posterior basal margin 
slightly sinuous, instead of regularly convex, and its surface without 
fine, regular, concentric striae. 

Length, 0.84 inch; height, 0.38 inch. 

The hinge and interior of this shell are unknown, but it has the exter- 
nal characters of form, etc., of some of the species included in the group 
Palseoneilo. 

Locality and position Same as last. 

Genus SCHIZODUS, King, 1844. 
(Ann. Mag. Nat. Hist., XIV., 313.) 

Schizodus cuneatus, Meek. 

Plate 20, fig. 7. 

Shell attaining a large size, ovate-subtrigonal, rather decidedly com- 
pressed, the greatest convexity being in the anterior and umbonal regions ; 
anterior side very short; obliquely subtruncated above, and broadly 
rounded from near the beaks into the base; basal margin longitudinally 
semiovate, being most prominent anteriorly, somewhat straightened and 
ascending obliquely behind to the abruptly rounded or subangular pos- 
terior basal extremity; posterior side long, cuneate, somewhat narrowed, 
obliquely truncated above from the end of the hinge to the posterior 
basal extremity ; hinge line straight behind the beaks, where it is about 
one-third as long as the valves and a little declining backward; beaks 
prominent, erect, incurved, and located only about one-fourth the entire 
length of the valves from the anterior margin ; posterior umbonal slopes 
subangular near the beaks, and continued thence as a rounded promi- 
nence obliquely to the posterior basal extremity. Surface smooth, or only 
showing obscure lines of growth. 

Length, 2.15 inches; height to top of beaks, 1.62 inches; convexity, 
0.72 inch. 
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This fine species agrees in size and form, perhaps, more nearly with 
the well known European Permian species, S. obscurus, Sowerby, than 
with any other described species, though in some respects it is, perhaps, 
more nearly related to S. truncatus. It attains a considerably larger size, 
however, than even 8. obscurus, from which it differs in having its beaks 
more elevated, and without any backward inclination. Its valves are 
also proportionally less convex, and have the anterior margin less prom- 
inently rounded in outline, while its posterior ventral margin shows not 
a trace of the sinuosity said to become more conspicuous in that species 
in large, mature specimens. In the latter character it differs still more 
decidedly from S. Schotfieimi, of Geinitz, as well as in its less elongated, 
more inequilateral form, and higher beaks. Its much larger size, more 
compressed form, more elevated beaks, and shorter anterior side, distin- 
guish it from S. truncatus, King. 

I know of but two other American species that attain so large a size 
as this. These are S. amplus, M. and W., and S. occidentalis (=Cypricardia 
occidentalism Swallow), both of which are from the Coal Measures. Com- 
pared with the former, it is at once distinguished by its much more 
elevated beaks, decidedly narrower and truncated posterior side, and sub- 
angular posterior umbonal slopes. In some of these characters it agrees 
more nearly with Prof. Swallow's species, while in other respects it dif- 
fers far more widely, that shell being very much more ventricose, with 
a greatly more sloping posterior dorsal outline, less truncated posterior 
margin, and distinctly sinuous posterior basal margin, more angular pos- 
terior basal extremity, and more prominently rounded anterior basal 
outline. 

I have before me, from the Upper Coal Measures at Nebraska City, 
Nebraska, a very similar form, differing only in its smaller size, more 
nearly central beaks, and much more prominent ventral and anterior 
margins. It is, however, probably a distinct species. 

Locality and position: Putnam Hill and Flint, Ridge, Ohio. Lower Coal Measures. 
Prof. Andrews's collection. 

Aviculopinna Americana, Meek. 

Plate 20, fig. 2. 

Avicuh, pinmeformis, Geinitz (1866) ; Carbonif. und Dyas in Nebraska, 31, tab. II., fig. 

13 (not Avicuh, pinnssformis, Geinitz, 1867). 
Aviaihpinna Americana, Meek (1867) ; Am. Jour. Sci. and Arts, XLIV., 282, and (1872) 

Pakeont. Eastern Nebraska, in Hayden's Report of Geol. Survey of Nebraska, 197. 

Shell small, compressed, with the general form of a narrow Pinna; 
ventral margin ascending very gradually forward, and nearly or quite 
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straight, but rounding up behind, so as to connect with the hinge at 
right angles; dorsal margin very nearly straight, equaling the greatest 
length of the valves, and provided with a narrow marginal ridge ; beaks 
very nearly obsolete, extremely oblique, and placed a little behind the 
narrow, obtusely pointed, anterior extremity. Surface with numerous 
concentric lines and lamellae running parallel to the basal and posterior 
margins. 

Length, 2.03 inches; height, 0.62 inch. 

The only specimens of this shell that I have seen from the Ohio Coal 
Measures are all crushed perfectly flat between the laminse of shale, so 
as to obscure, to some extent, their characteristic features. The speci- 
men figured seems to show the inside only of the right valve. It will 
be seen to be larger than the Nebraska type specimens of the species, 
and differs slightly in some of its details, but the latter differences are 
believed to be mainly due to the condition of the specimen, and the fact 
that it is probably the inner side that is seen. 

That these little American Coal-Measure shells are entirely distinct 
from the European Permian species, A. pinmeformis, will, I think, be 
obvious enough without detailed comparisons. For remarks on this 
point, however, I would refer the reader to the Nebraska Report cited at 
?the head of this description. Figures of the European form, for compar- 
ison, are also given there. 

Locality and position : The original type specimens of this species was found in the 
.Upper Coal Measures, at Nebraska City, Nebraska. It also occurs at near the same 
'horizon in western Iowa, and at a somewhat lower horizon in the central region of 
that State. The Ohio specimen here figured came from the lower part of the Coal 
.Measures. 



Genus PLEUROPHORUS, King, 1844. 
(Ann. Mag. Nat. Hist., XIV., 313.) 

Pleurophokus tkopidophorus, Meek. 

Plate 19, figs. 10a, b. 

Shell transversely oblong, much compressed, with length a little greater 
;than twice the height; posterior margin flattened and bifurcated, the 
lower truncation being nearly vertical, and the upper sloping obliquely 
downward and backward from the hinder end of the hinge; cardinal 
margin straight, equaling about two-thirds the length of the valves; 
anterior rounded below and sloping abruptly forward from the beaks 



COAL-MEASURE SPECIES. 339 

above ; basal margin long, parallel to the hinge, nearly straight for most 
of its length, or faintly- sinuous near the middle, rounding up anteriorly, 
and forming a more or less defined angle at its connection with the lower 
part of the posterior margin behind; posterior umbonal slope distinctly 
angular from the beaks to the angular posterior basal extremity, while 
a second carina passes obliquely backward and downward along the 
middle of the posterior dorsal space above the umbonal ridge of each 
valve ; beaks depressed to the line of the cardinal margin, very little 
projecting, and placed one-fifth to one-fourth the length of the valves 
from the anterior margin. Surface marked by distinct concentric lines 
of growth, that become strongly denned on the flanks and anterior parts 
of the valves, but are less distinct on the space above and behind the 
umbonal angles. 
Length, 1.10 inches; height, 0.52 inch; convexity, about 0.20 inch. 

This shell has very much the form and general appearance of Cyprir 
cardia striato-lamellosa, DeKoninck, as figured in his An. Poss. Carb., Belg., 
pi. H, figs. 8a, b, but its beaks are less prominent and not so curved for- 
ward, and it seems to be entirely destitute of the deep lunule seen in 
that shell. I have not seen its hinge, but one of the specimens (fig. 
106), which is partly an internal cast, shows the impression of a long, 
posterior, lateral tooth, and marks of a rather deep, anterior adductor 
muscle, as in Pleurophorus. Judging from the distinctness of the surface 
markings on the casts, it is probable that the shell itself is thin. 

Locality and potitwn : Coal Measures, at Newark, Ohio. 



Genus SOLENOMY A, Lamarck, 1818. 

(Hist, V., 488.) 

SOLENOMYA ? ? ANODONTOIDES, Meek. 

Plate 19, fig. II. 

Shell transversely elliptic-subovate, compressed, nearly twice as long 
as high, with the greatest height a little behind the middle ; posterior 
margin nearly regularly rounded in outline ; anterior extremity shorter 
and more narrowly rounded than the other ; basal margin forming a broad, 
semioval or semielliptic curve, being generally slightly more prominent 
behind than in front of the middle ; dorsal margin presenting a nearly 
straight, or very gently arched, outline from the beaks posteriorly, and 
rounding into the posterior margin behind, while in front of the beaks 
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it declines forward, with a straight or slightly sinuous outline above, and 
rounds into the narrowly rounded front below; beaks depressed to the 
line of the dorsal margin, rather compressed, and placed about one-third 
the length of the valves from the anterior end. Surface marked by con- 
centric striae and some ridges of growth. 
Length, 1.40 inches; height, 0.74 inch. 

I know nothing of the hinge and interior of this shell, and have, there- 
fore, only referred it provisionally to the genus Solenomya. Possibly I 
should call it Edmondia anodontoides, though it is quite as probable that 
it will be found to belong to neither of these genera when its hinge 
characters can be seen. 

Locality and position : From the Coal Measures, at Newark, Ohio. 



.Genus ASTAETBLLA, Hall, 1858. 
(Geol. Report Iowa, I., part II , 715.) 

Astartella Newberryi, Meek. 

Plate 19, rig. 3. 
Compare Astartella vera, Hall (1858), ib., pi. 29, figs, la, b. 

Shell of medium size, trapezoidal-subovate, being wider anteriorly, 
with height about three-fourths the length, rather convex; anterior mar- 
gin rounded; base longitudinally semiovate, being more convex in out- 
line anteriorly, and a little sinuous behind; posterior side narrowed, and 
nearly vertically truncated ; dorsal margin sloping and nearly straight 
behind, declining more abruptly, with a more or less concave outline in 
front ; beaks moderately prominent, located about one-third the length 
of the valves from the anterior margin; posterior umbonal slopes form- 
ing an obtuse ridge that extends obliquely backward and downward to 
the abruptly rounded posterior basal extremity ; above this ridge the 
triangular posterior dorsal region is flattened and cuneate, while the 
flanks just in advance of it are a little concave. Surface ornamented 
by about twenty to twenty-five very regularly disposed, distinct, con- 
centric, slender ridges, that are separated by wide, rounded furrows, in 
which traces of very fine lines of growth may be seen by the aid of a 
magnifier. 

Length, 0.63 inch; height, 0.51 inch ; convexity, about 0.24 inch. 

Of this form I have seen but a single very perfect left valve, and that 
is so firmly and closely attached to the hard rock that its lu&uto and 
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escutcheon can not be clearly seen, though it is evident enough that they 
exist. In general appearance it strongly recalls certain forms of Cras- 
satella. Compared with Astartella vera, Hall (Iowa Report, I., part 2, 
figs, la, b), it will be seen to differ in having its beaks decidedly less 
prominent, less tumid, and farther from the anterior margin, while its 
posterior dorsal outline is straighter, and its concentric ridges more 
numerous, more prominent, and more regularly arranged. In its surface 
markings it more nearly resembles Astartella concentrica (—Nuculites con- 
eentricus, Conrad, Jour. Acad. Nat. Sci., Philad., VIII., pi. 6, fig. 19, 1839), 
from the Coal Measures of western Pennsylvania, but it is a more depressed, 
elongated shell, with less elevated and less nearly terminal beaks. It is 
barely possible that our shell may be a variety of one or the other of 
the species with which I have compared it ; but with the only means of 
forming an opinion on this point now at hand, I can but regard it as a 
distinct species from both. 

I have seen a specimen in Dr. Hayden's collections, from near Virginia 
City, Montana, that I could not distinguish from this, though it came, 
with some other Coal-Measure fossils, from beds apparently of the age 
of the Chester limestone. 

Locality and position: Newark, Ohio. From the Coal Measures. 

Astartella varica, McChesney. 

Plate 19, fig. 2. 

Astartella varica, McChesney (1860) ; Descriptions of New Pateozoic Fossils, 55, and 
(1869) Trans. Chicago Acad. Sci., I., 42, pi. 2, fig. 7. 

I merely refer this shell doubtfully to the above cited species, not hav- 
ing had an opportunity to compare it with authentic examples of that 
form. So far as can be determined, however, from Prof. McChesney's 
figure and description, it seems to agree quite closely with his species 
in outline, being only a little more depressed, yet its concentric ridges 
appear to be less sharply elevated, and it is possible that a direct com- 
parison might show other differences. 

Locality and position : Coal Measures, at Newark, Ohio. 



Astartella (undetermined sp.). 

Plate 19, fig. la, 6. 
I have been unable to decide in regard to the specific relations of this 
shell. At one time I thought it might be a variety of A. vera, Hall, but 
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it differs so decidedly from the type of that species in form that I think 
it can hardly belong to the same species. "When the figure was prepared 
I had intended to make thorough comparisons with A. vera, but circum- 
stances beyond my control have prevented this. 

Locality and position: Same as last. 



Genus CYPRICARDIN'A, Hall, 1860. 

(Palasont. N. Y., III., 266.) 

Cypricardina ? carbonaria, Meek. 

Plate 19, figs. 8a, 6. 
Cypricardinaf carbonaria, Meek (1871) ; Proceed. Acad. Nat. Sci., Philad., XXIIL, 163. 

Shell small, longitudinally oval, less than twice as long as high, the 
widest (highest) part being under the posterior extremity of the hinge; 
rather gibbous, with usually a broad impression extending from the 
beaks obliquely backward and downward to the middle of the base of 
each valve; anterior side extremely short, or nearly obsolete, convex, 
and rounded; posterior side broader, more compressed or cuneate, with 
its upper edge straight and sloping obliquely backward to the regularly 
rounded posterior margin ; base broadly and slightly sinuous in the mid- 
dle, and rounding upward at the extremities; hinge line straight, be- 
tween one-half and two-thirds as long as the valves, ranging at an angle 
of about 25° with the oblique, longer axis of the shell, so as to meet the 
sloping upper edge of the posterior margin at a very obtuse but mod- 
erately well-defined angle, thus imparting to the somewhat compressed 
posterior dorsal region a very faintly alate appearance ; beaks extremely 
oblique, depressed nearly to the dorsal margin, very nearly terminal, and 
scarcely projecting beyond the rounded outline of the anterior extrem- 
ity. Surface ornamented by about fifteen to twenty exceedingly regular, 
well-defined, subimbricating, flattened, concentric ridges or undulations, 
that gradually become smaller and more closely approximating on the 
umbones. 

Length of largest specimen seen, 0.55 inch; height at the posterior 
extremity of the hinge, 0.32 inch; convexity about 0.18 inch; length of 
hinge, about 0.30 inch. 

This little shell has nearly exactly all the external characters of Cypri- 
cardina (C. lamellosa, Hall), as found in the Upper Silurian, excepting 
that its beaks are more nearly terminal, and its concentric markings or 
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ridges not quite so prominent, while I have seen no indications of the 
minute sculpturing of that species. 

In regard to the hinge of the typical species of Cypricardina nothing 
is known. In the shell here described, however, one of the casts shows 
that it has a moderately well-developed hinge plate, with one linear 
tooth in one valve, and one or two in the other, running very nearly 
parallel to the cardinal margin along its entire length, and at the pos- 
terior end of the hinge one or two shorter linear teeth, parallel to and 
beneath the others, while at the anterior end there is, in the right valve, 
one very small, slightly oval tooth, fitting between two similar ones in 
the left valve. These little teeth are slightly compressed from above 
and below, and placed so as to range, with their longer axis, nearly par- 
allel to the hinge margin. No cardinal area can be seen, though there 
may have been a very small, narrow one immediately between the beaks, 
as there is no cavity seen in the hinge for an internal cartilage. The 
muscular and pallial impressions are so faintly marked that no traces of 
them have been seen on the casts of the interior. 

Until the hinge of the typical species of Cypricardina can be made out 
it is impossible to determine whether our shell belongs to that genus 
or not. I have the impression, however, that it probably belongs to a 
distinct Carboniferous group, nearly allied to the Silurian genus Cypri- 
cardites of Conrad, but differing in having its principal hinge teeth 
extending the entire length of the cardinal margin, with cardinal area 
nearly or quite obsolete, and anterior muscular impression very obscure. 
It also differs from the known species of Mr. Conrad's genus in having 
remarkably regular, prominent, imbricating, concentric ridges or laminae. 
Area squamosa, A. obscura, and A. faba, DeKoninck, belong apparently to 
this group, and possibly also the form he has referred, in his work on 
the Carboniferous fossils of Belgium, to A. cucullm obtusa of Phillips, 
though the latter approaches still more nearly the typical Silurian forms 
of Cypricardites in its hinge characters. 

If Cypricardina shall be found to have a different hinge structure, I 
would propose for the group, including our shell, the name Synopleura, 
in allusion to its regular, concentric lamina or costse of growth. It is 
possible, however, that this group may be thought too nearly allied to 
Cypricardites to stand as a full genus, in which case the name of our spe- 
cies would have to be written Cypricardites (Synopleura) carbonaria. 

Locality and position : Newark, Ohio. Lower Coal Measures. 
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Genus ALLOglSMA, King, 1844. 

(Ann. Mag. Nat. Hist., XIV., 316.) 

Alloeisma costata, M. and W. 

Hate 19, figs. 6a, 6. 

AUorisma costata, Meek and Worthen (1869) ; Proceed. Acad. Nat. Sci., Philad., XXI 
171, and (1873) Report Geol. Survey of Illinois, V., 585, pi. 26, fig. 15. 

Shell small, or under medium size, longitudinally oblong, or trape- 
zoidal, with length a little more than twice the height, moderately convex 
in the central and umbonal regions; anterior margin short, closed and 
rounded ; basal margin forming a long, semielliptic curve ; posterior side 
compressed, apparently a little gaping, somewhat obliquely truncated 
above, and connecting with the base below, so as to form a more or less 
defined angle at the termination of the oblique, posterior umbonal cari- 
nas; posterior dorsal region above the umbonal carinse compressed; car- 
dinal margin equaling more than half the length of the valves, nearly 
straight, and slightly inflected, so as to form a very narrow, obscurely 
defined false area or corselet; beaks rising a little above the cardinal 
margin, and located near the anterior end; lunule small but well defined, 
and lance -oval in form. Surface ornamented by very regular, sharply 
raised, concentric costse, separated by wider, rounded furrows, and all 
ending very abruptly behind, at the equally angular umbonal carinse. 

Length, 0.63 inch; height, 0.32 inch; convexity, about 0.20 inch. 

The specimen from which our figures were drawn is not quite so com- 
plete on the posterior margin as fig. 6a would indicate, this margin being 
a little broken, so that the figure does not give its exact original outline. 
The surface of the posterior dorsal region is also not in a condition to 
show the lines of growth as represented on the figures, while fig. 6b is 
defective in not showing the narrow, obscure corselet, which, however, 
is nearly obliterated in the specimen by compression. 

On comparing the figures on plate 19 with that of the large, more 
nearly perfect typical specimen given on plate 26, Vol. V., of the Illinois 
Report, the latter will be seen to differ in having its posterior margin 
bitruncated, and a second oblique ridge on the compressed space above 
the umbonal angle. This difference, however, seems to be mainly, if not 
entirely, due to the imperfection and smaller size of the Ohio specimen, 
which, as above stated, has the posterior margin not entirely perfect in 
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outline. I think I can also see some traces of the oblique second angle 
on the compressed, posterior dorsal region, especially near the beaks, 
though this is so faintly marked as to have escaped the attention of the 
artist. 

Locality and .position: The original type specimen of this species was found near 
the base of the Illinois Coal Measures, in Warren county of that State. I have, how- 
ever, seen it from the upper part of the Coal Measures in Illinois and wester^ Iowa. 
The specimen here figured came from the Coal Measures at Greentown, Stark county, 
Ohio. 



GASTEROPODA. 

Genus PLATTCERAS, Conrad, 1840. 
(Prelim. Report Palseont. N. Y., 205.) 

Platyceras torttjm, Meek. 

Plate 20, figs, la, 6, c. 
Platyceras torlum, Meek (1871) ; Proceed. Acad. Nat. Sci., Philad., XXIII., 171. 

Shell very thin, dextral, attaining about a medium size, in young 
specimens composed of about one and a half to two volutions, subglobose, 
these first turns being contiguous, rounded, and rapidly increasing in 
size, after which the next turn, which composes the larger part of the 
shell, becomes free, very oblique, and increases more gradually in size, 
thus making the entire outline very obliquely elongate-rhombic ; body 
volution a little flattened on the upper slope, subangular above, and 
somewhat prominently rounded near or below the middle ; aperture 
apparently oval-suborbicular; lip without sinuses. Surface non-plicate, 
and with only moderately distinct lines of growth. 

Length, 1.36 inches; breadth, about 0.90 inch; breadth and length of 
aperture, each 0.70 inch. 

I have long been familiar with casts of this shell in the collections of 
the Illinois Geological Survey, but had some doubts whether they might 
not be distorted internal casts of a Macrocheilus. The specimens from 
which the above description was made out, however, retain the thin 
shell, and show that it is a true Platyceras. Specifically it is more nearly 
allied to some of the non- plicated varieties of the New York Upper Silu- 
rian, P. spirale, than it is to any Carboniferous species known to me, 
though its first two volutions are more compactly coiled together. 

Locality and position : Greentown, Stark county, Ohio. Coal Measures. 
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Genus MACRO CHEILTTS, Phillips, 18.41. 

(Palseoz. Foss., 103.) 

Macrocheilits Klipparti, Meek. 

Plate 20, figs. 6a, b, c. 
MacrocMlw Klipparti, Meek (1872) ; Proceed. Acad. Nat. Sci., Philad., XXIV., 328. 

Shell attaining a large size, elongate-suhfusiform, the length being 
sometimes from two and a half to three times the breadth ; spire pointed 
at the apex, forming about half the entire length, with its lateral slopes 
concave above and convex below; volutions six to eight or nine, the 
upper five or six being very compactly coiled, and forming comparatively 
but a small part of the entire shell, while those below suddenly increase 
in size much more rapidly than the others, particularly in the direction 
of the longer axis of the shell, and form most of its bulk, these larger 
turns in large, adult examples sometimes assuming together a sub-cylin- 
drical outline; last or body whorl comparatively long, cylindrical, or 
more or less oval, and somewhat produced below ; suture moderately dis- 
tinct, almost transverse between the smaller upper turns, but becoming 
decidedly more oblique below ; aperture comparatively small and nar- 
row, apparently sUb-rhombic in form and effuse below ; inner lip much 
thickened all the way up ; columella twisted, so as to form a single prom- 
inent fold below the middle of the aperture. Surface nearly smooth, or 
only showing very obscure lines of \ growth. Outer lip unknown. 

Length of one of the largest, most elongated specimens, 2.23 inches ; 
breadth, 0.87 inch; length of aperture, about 1 inch. 

This fine species most nearly resembles M. Newberryi of Stevens, but 
may be readily distinguished by its form, the slopes of the upper part 
of its spire being distinctly concave and the lower part convex in out- 
line, instead of being evenly and moderately convex all the way down. 
This peculiarity is caused by the sudden enlargement of the middle and 
lower volutions, and the greater obliquity of their spiral curve, while in 
M. Newberryi the volutions increase in size regularly, and have the same 
uniform, spiral curve from the apex throughout the whole length of the 
spire. Young examples of the form under consideration are proportion- 
ally shorter, the elongation being to a considerable extent produced by 
the obliquity and prolongation of the last two volutions. These less 
elongated, younger shells, however, will be distinguished from M. Nevo- 
berryi by the concave slopes of their spire, and the greater proportional 
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breadth of their body volution. It is also a larger and more robust 
species than M. Newberryi. 

As none of the specimens yet seen have the outer lip and lower part 
of the aperture entire, the form of the aperture can not be made out, and 
there may even be room for some little doubt whether or not it is, in 
perfect examples, narrowed and produced into a canal below. If this 
is the case, the name of the species should be Solenicm Klipparti, as it 
appears to present very nearly the other characters of the type of that 

group. , 

The specific name is given in honor of John H. Klippart, Esq., of 
Columbus, Ohio, Secretary of the State Board of Agriculture, who dis- 
covered the specimens from which the foregoing description was made 
out. 

Locality and position: Near base of Coal Measures, near Somerset, Perry county, 
Ohio. 



SYNOPSIS 

OF THE 

EXTINCT BATRACHIA FROM THE COAL MEASURES. 



BY 

EDWARD D. COPE. 



Philadelphia, February 5, 1874. 
Prof. J. S. Newberry, Director of the Geological Survey of Ohio : 

Sir : I send, at your request, the report which I have prepared for the use of the 
Geological Survey of Ohio on the extinct air-breathing vertebrate of the Coal Meas- 
ures of your State. Hoping that you may find it adapted to your purpose, and that 
the influence of your position will continue to advance this interesting department 

of palseontological science, 

I remain, with respect, 

Edward D. Cope. 



EXTINCT BATRACHIA. 



The first information we possess on this subject was furnished by Prof. 
Jeffries Wyman, who in March, 1857,* described two species of extinct 
animals which had been discovered in the Coal Measures, near Linton, 
by Chas. M. Wheatley, A.M. These he regarded as Batrachians, and 
observed that one, which he named Raniceps lyellii, appeared to possess 
characters of the Anura in the proportions of its cranium, while the ver- 
tebra and fore limbs resembled those of the tailed division {TJrodela). 
Another form was represented by very few portions of the skeleton, and 
differed from the last in its strong ribs. This he did not name, and it 
resembles the species called, in the present essay, Molgophis macrurus. 

Prof. J. S. Newberry also made collections at the same locality, but it 
was not until 1867 that he announced before the American Association 
for the Advancement of Science that he had found forms allied to the 
genera Vroconylus and Ophiderpeton, of the Irish Coal Measures. The 
materials then collected were placed in the writer's hands in the follow- 
ing year, and furnished the basis for an investigation into the structure 
of our extinct Batrachia,f including, as they did, twelve species, many of 
them represented by numerous individual specimens. One of these had 
been already described by Prof. Jeffries Wyman as Pelion lyellii, both genus 
and species being peculiar to the locality. The remaining species were 
referred by the writer to four genera previously unknown, and to the 
genus Dendrerpeton, Owen, previously discovered by Dr. Dawson, in Nova 
Scotia. 

Collections subsequently made under direction of Prof. Newberry have 
added very much to our knowledge of these most interesting forms. The 
present synopsis raises the number of species to thirty-four, which are 
referred to seventeen genera. 

I. OSTEOLOGY OF THE EXTINCT BATRACHIA. 

These genera present us with a variety of external forms similar to 
those known among the Reptilia; thus Sauropleura resembles a long- 
limbed lizard, and Tuditanus a shortrlimbed one. Amphibamm, found in 



* See American Journal of Science and Arts. 

t See Transactions American Philosoph. Soc, 1869, p. 12; Proceedings Academy 
Natural Sciences, 1868, p. 211; Trans. Amer. Philosoph. Society, April, 1874. 
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the Illinois coal-field,* is a still more stout and squat form. In Ptyonius 
and Otocephalus we have very elongate types, but in Phlegethontia, and 
probably Molgophis, we have veritable Batrachian snakes, the Phlegethon- 
tia linearis resembling a whip-snake in its proportions. In some of the 
Labyrinthodonts of the Old World we see forms rivaling the Saurians 
in power of armature and protective shields. All of these forms have 
been found to be referable to the Batrachia in their agreement in the 
following characters : 

Basis-cranii composed of a parasphenoid bone, which is developed in 
the periosteal membrane ; two occipital condyles, one on each exoccipital 
bone; a large squamosal bone, covering the quadrate externally; stapes 
external; articular bone present ; the atlas undivided, with single cen- 
trum ; coracoid distinct from scapula ; limbs, when present, composed of 
femur, ulna, and radius, and pes or manus. 

There are six orders of this class, which do not differ so much in exter- 
nal features as the orders of Reptilia, but are, in composition of skeleton, 
circulatory system, etc., quite as distinct. These were fully defined by 
the writer in 1868,f but farther investigation has added other important 
characters, especially with regard to the composition of the posterior walls 
of the cranium. The orders may be separated in key form, as follows : 

I. Supraoccipital and epiotic bones present ; supratemporal bone roof- 
ing temporal fossa. Stegocephali. 

II. No supraoccipital, epiotic present; a palatine arch, no temporal 
roof. Proteida. 

III. No supraoccipital nor epiotic bones; frontal distinct; quadrate 
osseous; no maxillary nor palatine arch. Trachystomata. 

Maxillary arch, no palatine. Urodela. 

Both maxillary and palatine arches. Gymnophiona. 

IV. No supraoccipital nor epiotic bones ; frontal and parietal united ; 
quadrate cartilaginous; caudal vertebrse connate. Anura. 

In all Batrachians the vomer is double, and usually bears teeth; the 
premaxillary is single or double, and the teeth are never planted in 
deep alveoli. There are six orders, as follows : 

TEACHYSTOMATA. 

Caudal vertebrse and frontal bones distinct ; inferior pelvic elements 
not confluent. 
0,o, supraoccipitalia, maxillaria, prefrontalia, palatina, and pterygoidea 



* See Geological Survey of Illinois, by A. H. Worthen, Vol. II., p. 136. 
t Proceedings Philad. Acad., 1868, p. 211 ; Extinct Batrachia and Reptilia of North 
America, in Transactions Amer. Philos. Society, XIV., p. 4, 1869. 
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wanting; epiotic and squamosal not distinct; nasalia present; ethmoid 
composed of two lateral pieces, each forming part of palate ; quadrate 
osseous; mandible toothless, with condyle for the quadrate; teeth pleu- 
rodont; no "postorbital and supratemporal bones"; first pair haemal 
branchihyals distinct. 

PEOTEIDA. 

Caudal vertebrae and frontal bones distinct; inferior pelvic elements 
not confluent. 

0, o, supraoccipitalia, maxillaria, prefrontalia, and nasalia wanting; 
palatine and pterygoidea present ; ethmoid a vertical plate on each side 
of the cerebral lobes ; squamosal and epiotic present; quadrate osseous; 
mandible toothed ; teeth pleurodont ; haemal branchihyals, first pair con- 
nate; no "postorbital and supratemporal bones." 

Fig. 1. 

Pf 
Pmx 




Amphiuma means, profile of cranium (from Georgia) ; Pmx. prem axillary bone ; 2V. nasal ; Prf. pre- 
frontal ; F. frontal ; Pa. parietal ; Mx. maxillary ; E. ethmoid ; Pro. prootic ; Sq. squamosal ; Exo. exoc- 
eipital; Ft. pterygoid ; Q. quad: ate; Sta. stapes, natural size. 

UE0DELA. 

Usual cranial bones present, but pterygoids reduced or wanting; quad- 
ratum osseous, covered by the squamosal; no "postorbital nor supratem- 
poral bones " ; no epiotic nor supraoccipital ; caudal vertebras and frontal 
bones distinct ; ethmoid, a vertical plate on each side ; mandible dentig- 
erous; teeth pleurodont; inferior pelvic elements horizontal, in contact; 
no osseous pubis ; ilium suspended to a sacral rib. (Mostly no quadrato- 
jugal.) 

GYMNOPHIDIA. 

Usual cranial bones present and distinct, including frontals and ptery- 
goids; no supraoccipital nor epiotic; quadrate osseous; caudal vertebra? 
distinct; no "postorbital nor supratemporal bones" *; ethmoid annulus 
sunounding cerebral lobes; mandible dentigerous; teeth anchylosed by 
their bases, f (Quadrato-jugal present.) 



* When the temporal fossa is overarched it is by expansion of the maxillary and 
quadrato-jugal. (Stannius says, " squama temporalis.") 

t The teeth of Coscilia are compressed, with a trenchant posterior edge, which is 
crenate after the manner of Megalosaurus, Oarcharias, etc. Thus to the numerous- 
genera of Saurians and Selachians possessing this character must be added a Batra- 
chian. 

23 
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STEGOCEPHALI. 

The cranial elements distinct, including frontals and pterygoids, and 
adding " postorbitals and supratemporals," a supraoccipital and an epi- 
otic; quadrate osseous, frequently (? always) supporting a squamosal; 
caudal vertebrae distinct; orbitosphenoids normal, ? ethmoid; inferior 
pelvic elements distinct ; mandible dentigerous ; teeth with anchylosed 
bases, or in shallow alveoli ; proximate tarsals not elongate. (A quad- 
rato-jugal. 

Fig. 2. 



sum 




Fig. 3. 




Figs. 2, 3, and 4, Bana Catesbycma.—¥ig. % side view of cranium ; 3, the same, with squamosal, pre- 
• frontal, malar, and quadrato jugal bones removed. Fig. 4, posterior view of the cranium— references as in 
fig. 1- FP, frontoparietal bone ; V, vomer; PS, parasphenoid ; A, angular; O, coronoid; D, dentary. 



ANUKA. 

Frontal and parietal confluent, nasals wanting or rudimental ; no epiotic 
nor supraoccipital ; postorbital and supratemporal wanting; quadratum 
cartilaginous, covered by squamosal; ethmoid, an annulus (usually com- 
plete above) surrounding cerebral lobes; caudal vertebrae represented by 
an elongate, originally compound style ; inferior elements of the pelvis 
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consolidated into a single vertical mass ; ilium attached immediately to 
sacral vertebrae ; proximal tarsal bones elongate. 

The extinct genera belong for the greater part to the order Stego- 
cephali. The order Stegocephali is evidently distinct from all others of 
the class. The supraoccipital bone is not present in any other order of 
Batrachia. The presence of the epiotic bone, which I have verified on 
a number of American genera, and which has been pointed out by Euro- 
pean authors in genera discovered in that continent, is a character which 
is only shared by the order Proteida. In the Trachystomata the position 
of this element is occupied by a great backward prolongation of the pro- 
otic, which is an exaggeration of the. peculiar structure characteristic of 
the living Batrachia of the orders Urodela and Anura. The additional 
bones covering the temporal fossa, called by Owen the postorbital and 
supratemporals, do not exist in any of the other orders. None of the 
genera present any of the distinctive features of the Anura, unless, in- 
deed the single genus Pelion have the united ulna and radius of the 
frogs, a point yet somewhat doubtful. With the Urodela the relations 
are closer, but the structure of the posterior part of the skull is here the 
same as that of the Anura. The same remarks will apply to the Ccecilias, 
whose resemblances to the Stegocephali are superficial only. No forms 
certainly related to the Trachystomata have been discovered in any Ameri 
can formation, and one, the Palseosiren Brinertii, Geinitz, has been found 
in Europe. 

There are some relations to classes outside the Batrachia suggested by 
the osteology of this order. Thus the relations of the parietals, occipital 
and epiotic, are almost exactly those characteristic of many of the phy- 
sostomous bony fishes, as Cyprinidse, Oharacinidse, Amiidse, etc., or super- 
ficially, as in Lepidosteidx and Polypteridse, where the supraoccipital is 
represented by dermal ossifications. The relation to these forms is closer 
than to the Dipnoi. In the opposite direction a distant approach to the 
Ichthyopterygia may be observed in a few points. As in other reptiles, 
the occipital series of bones is complete in this order, but the epiotic is 
not well distinguished. The squamosal bone is produced downward on 
the quadrate more than in reptiles generally, thus resembling slightly 
the Batrachia, and the supratemporal, already described as peculiar to 
Stegocephali -in their class, only exists among Ichthyopterygia among rep- 
tiles, and, as in the former, unites with a postorbital bone to form the 
supratemporal roof. The grooved teeth of the Ichthyopterygia may be 
considered in the same connection, as well as the extension of the squa- 
mosal over the deeply-inclosed quadrate bone in the Crocodilia. 

The order Stegocephali, as here adopted, was proposed by the writer in 
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1868, and has since been occasionally employed by authors under the 
name of Labyrinthodontia (Owen). As then and now adopted, its scope 
is much more extended than that of the order proposed by Prof. Owen 
under the latter name, including as it does his order Ganocephala with 
it, as well as numerous forms discovered subsequent to Prof. Owen's class- 
ification, both in England and North America, to some of which the 
term Microsauria has been applied. As the labyrinthic character of the 
teeth does not appear in a number of the latter forms, an-i as the order 
as now defined by me is established on characters in large part not used 
by Prof. Owen, I retain the name given in 1868. It is probable that the 
Labyrinthodontia will be found to be a definable subdivision of this order, 
but with its characters we are as yet in a measure unacquainted. The 
nearest approach to the true Labyrinthodons seen in any American genus 
is found in the Leptophra^tus of the present essay. 

II. THE CLASSIFICATION OP THE STEGOCEPHALI. 

The classification of the Stegocephali presents many difficulties, which 
are mainly due to the character of the skeletons of these animals. 
Many of the bones are thin, and the sutures often squamosal. The com- 
position of the skull is, on these accounts, often difficult to determine, 
especially as the specimens are generally injured by pressure, etc. I 
formerly arranged these animals in four orders, adopting from Prof. Owen 
the divisions Labyrinthodontia and Ganocephala, employing Prof. Dawson's 
term Microsauria, with modified definition, and adding a new one, the 
Xenorhachia. These divisions were based on characters mostly already 
in use, namely, the condition of the vertebral column as to ossification, 
the presence or absence of branchial bones, and the presence or absence 
of inflections of the enamel of the teeth. These characters I do not now 
regard as definitive of divisions of high grade, for the following reasons : 
There are genera, otherwise nearly allied, which differ in the degree of 
ossification of their vertebral columns, e. g., Sauropleum and Colosteus, 
Pelion and Amphibamus. It is uncertain whether all parts of the column 
are similarly ossified in the same species, e. g., Pelion Lyellii. The pres- 
ence of branchial hyal bones does not characterize genera with unossified 
vertebral column only, as Archegosaurus, but is evident in some of the 
osseous types, e. g., Oestocephalw. The inflection of the investing enamel 
of the teeth, characteristic of Labyrinthodon, Owen, is well marked in 
Leptophractus of the Ohio fauna, but appears to be wanting in the teeth 
of some of the small species of other genera. Yet I am by no means 
sure that this is the case, as I observe it very clearly in the small species 
of Ptyonius. I do not find it well marked in Oestocephalus, and believe 



EXTINCT BATRACHIA. 357 

that it may be found in various degrees of development in other genera, 
so as to be practically useless in discrimination of groups of high rank, 
at least until we are able to give it a more thorough investigation. 

A number of groups may be discerned into which the genera fall, and 
which mostly present tangible structural characters.* The presence or 
absence of ribs is an important consideration. The presence or absence 
of limbs can generally be determined, .although in some genera, as 
Ptyonius, they are very small. The extent of the vertebral column de- 
termines the habit of the animal in a marked manner. Two types of 
cranial form may be recognized; in the one it is lanciform, and composed 
of attenuated bones in which the sculpture is but little marked; in the 
other the skull is broad, obtuse, and fiat, and strongly sculptured. The mere 
difference in the outline form of the head does not indicate family char- 
acters by itself, but in the present case each type is associated with other 
features, and future investigation will doubtless add to their weight. 
The divisions thus distinguished are the following, and I believe that 
they may be accorded family rank : 

Family I. PHLEGETHONTiiDiE. Vertebral column very elongate, and with- 
out ribs ; limbs probably wanting ; cranium lanciform, of light construc- 
tion. Genus Phlegethontia. 

Family II. Molgophice. Vertebral column elongate, furnished with 
ribs; limbs ? wanting; cranium unknown. Genus Molgophis. 

Family III. Ptyoniidje. Form moderately elongate ; ribs present ; limbs 
present, weak; cranium light, lanciform; belly protected by osseous 
rods. Genera, Otocephalus, Ptyonius, Hyphasma, Lepterpeton (European). 

Family IV. Tuditanid;e. Form lizard-like ; limbs well developed ; cra- 
nium broad and obtuse. Genera, Tuditanus, Dendrerpeton, Hylonomus, 
Leptophr actus, Ceraterpeton, ? Pelion. 

Family V. CoLOSTEiDiE. Form lizard-like ; limbs present ; belly covered 
with rhombic scutes; vertebrae often unossified. Genera, Sauropleura, 
Colosteus, Amphibamus. 

There are several genera whose position in relation to the above fam- 
ilies can not be definitely determined at present. Such are Pleuroptyx, 
Brachydictes, Thyrsidium, and Eurythorax, in all of which some of the 
essential parts are wanting. The genus Cocytinus, so far as is ascertain- 
able from a view of the inferior side of the skull, does not belong to the 
Stegocephali, but more probably to the Proteida. 

With regard to generic characters, there are minor variations observ- 

* See Transactions American Philosophical Society, April, 1874, where these are 
pointed out. 
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able in many portions of the skeleton. Most of the order exhibit three 
thoracic shields, but some species seem not to possess them, e. g., those of 
the genus Oestocephalus. The same may be said of the osseous rods or 
scuta of the belly, which I can not find in the snake-like forms, and in 
a few others. The spines of the vertebrae may be enlarged and orna- 
mented with sculpture, as in Thyr&idium, Ptyonius, and others. The 
genera in which no osseous vertebrae have yet been discovered are Colos- 
teus and Amphibamus. 

III. DISTRIBUTION OF THE STEGOCEPHALI IN TIME AND SPACE. 

Species of this order have been discovered in all of the primary faunal 
regions of the earth excepting South America. In time they first ap- 
pear in the Coal Measures, and continue through the Permian, the 
Rhaetic, and the Trias. The first formation has yielded the greatest 
number of species, and the Trias is the next most productive of them. 
The following table is copied from the report of a committee of the Brit- 
ish Association for the Advancement of Science, of which L. C. Miall is 
chairman, as expressing in a succinct manner the distribution of these 
animals in time and space. Additions and a slight correction appear in 
the North American department. The genus Salamandrella, Gaudry, is 
omitted, since its describer thinks that it belongs to the Urodela; for a 
similar reason the genus Cocytinus is omitted. 
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Table of Distribution. 





Carboniferous. 


Permian. 


Trias. 


Khsetic and 
Jurassic. 


U.Britain.. ■ 


Anthracosaurus, Sux. 
Batrachiderpeton, Heme. 
Loxomma, Sux. 
Ophiderpeton, Sux. 
Pholiderpeton, Sux. 
Pteroplax, Sane. 
Urocordylus, Sux. 
Pholidogaster, Sux. 
Dolichosoma, Sux. 
Herpetocephalus, Sux. 
Ichthyerpeton, Sux. 
Ceraterpeton, Sux. 
Lepterpeton, Sux. 
Urocordylus, Sux. 


Dasyceps, Sux. 
Lepidotosaurus, Sane. 


L-abyrinthodon, Owen. 
Diadetognathus, Miall. 
Mastodonsaurus, Jaeg. 


Debris (R.). 


Continent J 
of Europe. | 


Apateon, Von Meyer. 
Archegoaaums, Gold/. 
Osteopnorus, Von Meyer. 
Actinodon, Gaud. 


Zygosaurus, Miekw. 


Capitosaurus, Munster. 
Mastodonsaurus, Jaeg. 
Metopias, Von Meyer. 
Trematosaurus, Braun. 
Xestorrhytias, VonM. 
Chalcosaurus, VonM. 
Melosaurus, Von M. 


Bhinosaurus, 
Msch. (Jur.). 






5 


Bracbyops, Owen. 
Gonioglyptus, Sux. 
Pachygonia, Sux. 








I 










Micropholis, Sux. 


















Bothriceps, Sux. 












K.America. <j 


Colosteus, Cope. 
Amphibamua, Cope. 
Sauropleura, Cope. 
Pelion, Wyman. 
Ceraterpeton, Sux. 
Leptopnractus, Cope. 
?Eosaurus, Marsh. 
Baphetes, Owen. 
Dendrerpeton, Owen. 
Hylerpeton, Owen. 
Hylouomus, Davidson. 
Tuditanus, Cope. 
Hyphasma, Cope. 
Ptyonius, Cope. 
Oestocepnalus, Cope. 
Molgophis, Cope. 
Pnlegethontia, Cope. 
Pleuroptyx, Cope. 
Thyrsidium, Cope. 
Brachydectes, Cope. 
Eurythorax, Cope. 




Eupelor, Cope. 
Dictyocephalus, Leidz. 
Paribategus, Cope.. 





360 PALAEONTOLOGY OF OHIO. 

As compared with the corresponding fauna of the Coal Measures of 
Great Britain, as exhibited in the writings of Huxley, Allman, Hancock 
and Arthey, Barkas and Miall, a number of points of resemblance can 
be detected. But in the first place, snake-like forms of the character of 
Phlegethontia have not been detected by the authors quoted, nor has the 
Proteoid type been described by them, as represented in our fauna by 
Cocytinus. On the other hand, the large types allied to Labyrinthodon 
are still unknown in America. But of Microsaurian genera there are a 
number of correspondences. Oestocephalus is represented by Urocordylus, 
and Ptyonius by Lepterpeton ; Dolichosoma is similar to the former and to 
Hyphasma ; Oolosteuv is our representative of Archegosaurus. Ceraterpeton 
is the only genus common to the two continents. It is worthy of remark 
that in the Ohio Batrachia the dermal defenses consist usually of slen- 
der rods, while in most of those of Great Britain these are replaced by 
rows of narrow scutella. 

The locality from which these fossils were procured is near Linton, 
Columbiana county, Ohio, near Yellow Creek. The locality is thus near 
to the Pennsylvania State line and the Ohio River. They occur in a 
small basin near the middle of the series, in the lower part of the "dia- 
mond bed." This is eight feet in thickness, and the fossil Batrachia and 
fishes are found on the slate, which is in contact with the lower three to 
six inches of the seam, which is cannel coal. 

It is to be observed that the specimens are in some cases quite obscure, 
and alth ugh little or nothing of a doubtful nature has been introduced 
into the following descriptions, yet the elements are sometimes covered 
by a thin layer of carbonaceous matter, which prevents their entire defi- 
nition. 

?PROTEIDA. 

Cocytinus, Cope. 

Proceedings American Philosophical Society, 1871, p. 177. 

Vertebrae and ribs osseous ; anterior limbs, thoracic shields and abdom- 
inal armature apparently wanting ; teeth on the premaxillary bone, none 
on the maxillary; hyoid elements largely developed, an axialhyal with 
basihyalon each side, closely united with the corresponding ceratohyal, 
at the end of which is an element in the 'position of a stylohyal; haemal 
or basal branchihyals, three, the anterior two each supporting one pleu- 
ral branchihyal and the third supporting one also, the first or anterior? 
hasmal branchihyal on the inner side of the ceratohyal, approaching the 
median line, and with elongate pleural element; urohyal not seen. 
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Fig 5. 




OBVERSE COCYTINL'S. 



Such are the characters of a genus whose affinities 
are interesting but somewhat obscure. The hyoid 
apparatus is better developed than in any other here 
described, but it is by no means certain that it was 
branchiferous at maturity; nor does this character, 
on the other hand, render it certain that the animal 
is the larva of one of the other forms here described. 
The well ossified ribs and vertebrae are favorable, 
though not conclusive, evidence for adult age, while 
the structure of the hyoid apparatus is more like 
that of the gilless genera Amphiuma and Protonopsis 
than it is like the branchiferous genera Siren and 
Necturus, or the branchiate young of salamanders. 
Thus it differs from Proteus in the presence of the 
first axialhyal and the two first basihyals, and from 
this genus and Necturus in the possession of four dis- 
tinct pleural branchihyals. In this it agrees with 
Amphiuma, as it does also with Protonopsis, in the 
three hsemal branchihyals.* Siren has only two of 

, . , , . .. - , . n , Pma, premajdllary; iw, max- 

these elements, the first and second, without the iiiary bone; mi, mandible;*', 

,,.,, .,_. T.T-i ■■ axialhyal; h 1 , basal branchi- 

tnird. As a consequence, in Siren the third and hyaii*",oeratohyai ,•*'«, ?sty- 

. lohyals bv, hsemal branchihyal; 

fourth pleural elements have no corresponding hse- v, v>, v«, V", pleural brancw- 
mal support, an arrangement totally different from 
that of Cocytinus. The arrangement in larval Amblystoma and Triton is 
quite similar to that in Siren, excepting that in Triton the small basi- 
hyals are present. 

The question as to whether this genus was 
in life branchiferous or not is not easily de- 
cided, since the hyoid apparatus is about 
equally developed in the branchiferous gen- 
era Siren and Necturus, and the air-breathers 
Amphiuma and Protonopsis. Some considera- 
tions, however, point to an air-breathing type 
like the last two, though the individual may 
possibly have been immature. In the gill- 
bearing genera, as well as in the larvae of Am- 
phystomse, Tritons, etc., the branchial arches 
approach nearest to archetypical perfection. 
Thus in the Siren lacertina (cut 5), two of the 




SIREN LACERTINA. 



* For the nomenclature of these bones I follow Fischer, Ueber die Pemmibranchi- 
aten und Derotremen, Hamburg, 1864. 
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four superior branchihyals, b,' b", are supported by corresponding inferior 
or haemal branchihyals, bv', bv", and these in turn are articulated each 
to its proper axialhyal, ah", ah'". The absent elements are the two axial 
and two haemal elements, which exist as supports of the posterior two 



Fm. 7. 




RECTURUS MACULATUS. 



superior branchihyals, b'", b"", in the fishes. In the branchiferous Nec- 
tui\us maculatus a considerable modification ensues. The four superior 
branchihyals are present, but according to Fischer the first and second 
are confluent, and are supported by confluent hsemal elements. (See fig. 
6, b' b" and bv' bv".) A third inferior branchihyal is added. If we now 
turn to the air-breathers, Protonopsis (fig. 7), we observe a marked pecu- 
liarity. The third hsemal branchihyal remains, while the second is con- 
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fluent with the corresponding superior element, and the first is similarly- 
confluent, or, as Fischer interprets it, the first branchihyal of the supe- 
rior series extends to the axialhyal (fig. 7, 6')- In Muraonopsis a greater 
divergence from the archetype exists. With all the peculiarities of Pro- 
tonopsis, it further almost loses the second hsemal element, bv", which ap- 
pears at maturity as a process on the first pleural element. 

• Fig. 8. 




l>KOTONOP6IS HORUIDA. 



These characters may be tabulated as follows : 

A Third hsemal branchihyal present. 

x First and second hsemal branchihyals free and distinct Cocytinus. 

xx First and second hsemals separate from each other, but confluent with 

their pleural elements Protomopm. 

Amphiuma. 
xxx First and second distinct from pleurals, but united with each other.. .Necturus. 

AA Third hsemal element wanting. 
x Second hsemal element reaching the axis Siren. 

{Amblystoma, 
Triton, 
Salamandra. 
xx Second hsemal element reduced, not reaching axis Proteus. 

Now, it has been pointed out that Cocytinus agrees with the last named 
genera in the large development of the first pleural and hsemal branch- 
ihyals, and that it agrees with them both in the presence of the second 
and third hsemal elements. But these are more distinct than in either 
of those genera, and the third is larger and supports the fourth as well 
as its own pleural element. (Pig. 4, bv", bv'".) 
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The presence of the maxillary bone furthermore excludes this genus 
from near affinity to either the Trachystomata and Proteida, and allies 
it to Amphiuma and Protonopsis. It differs from both these genera in 
the absence of teeth from this bone as well as its apparently small de- 
velopment. This may indicate that the animal was not fully grown- 
In the hyoid region it differs from these in the apparent absence of the 
second axialhyal and in points of the haamal segments. Thus the sec- 
ond is confluent either with the first or second pleural element in those 
genera, and the third hsemal element is much reduced and does not sup- 
port the fourth pleural in either. 

The present genus is, then, to be referred to the neighborhood of 
Amphiuma and Protonopsis, but forming the type of another family. The 
branchial apparatus is more archetypical or fish-like than in either of 
these in (1) the three distinct and well-developed hsemal branchihyals, 
(2) the four distinct pleural elements of the same, and (3) the distinct (?) 
stylohyal. 

Its weak maxillaries have a larval aspect, but the ossification of all 
the bones, and the small size of the pleural branchihyals, as compared 
with the rest of the cranium, render it probable that the form is no more 
larval than the genera to whose neighborhood it is referred. That it 
passed a portion of its existence as an aquatic branchiferous animal is 
no less certain. 

COCYTINITS GY KINO IDES, Cope. 

Transac. Amer. Philos. Soc, 1874. 

The only specimen of this Batrachian embraces the inferior bones of 
the cranium in a complete state of preservation, with the muzzle, with 
its teeth ; also of the anterior eight vertebrae, with their ribs. The con- 
dition of the hyal elements is as follows : , The hsemal element of the 
first branchial arch is partially concealed on both sides by the cera- 
tohyal. An expanded truncate face of attachment to the axial element 
is visible on both sides, but the body of the bone is fiat and presents the 
edge in the specimen. The first pleural element proceeds from just be- 
hind and within its extremity; it is longer than the other pleural ele- 
ments. A slender bone is visible extending from the space between the 
ceratohyal and mandibular angle ; it may, therefore, pertain to the sus- 
pensorium of the jaw as well as to that of the hyoid arch, or be 
squamosal as well as stylohyal. The second haemal bone is slender, but 
with an enlarged axial extremity ; that of the right side is not so well 
preserved as to be safely determined. The third hsemal elements are 
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the smallest, and originate immediately in front of the occipital con- 
dyles and diverge outwards and backwards. They are little curved, sub- 
cylindric, and slightly expanded at the extremities. 

Of the pleural elements the first and second are little curved, and the 
first is marked by a pit or foramen on the under side near the distal end, 
which is clearly visible on both sides of the specimen. The third and 
fourth pleurals are more curved, and the outer ends slightly expanded 
and directed backwards. 

The obverse of the specimen shows that the anterior axialhyal is 
wedge-shaped. The lateral basihyals are massive. The second hsemal 
branchihyal is dilated, fan-shaped distally, and supports two pleural 
elements. The muzzle projects over the lower jaw, and was rather 
broadly truncate. The premaxillary teeth are cylindric and six in 
number on each side. The maxillary bone is represented by a lamina 
at each lateral extremity of the premaxillary. The mandibular rami 
are very stout, as are also the ceratohyals. The vertebra? have possessed 
some apophyses, apparently keel-like diapophyses. The ribs are slightly 
curved. 

Length of head and eight vertebrae, .0335 m.; of head, .0152; expanse 
of mandibular rami, .013; length of left ceratohyal, .0085 

Thyesidium, Cope. 
Established on a species which presents its principal peculiarities in 
the structures of the vertebra}. Two specimens present inferior views of 
the spinal column, showing that the genus possesses, like Siren, enlarged 
diapophyses, but that they are peculiar in their fan-like form. They re- 
semble slightly the caudals of Ptyonius, but are present on the dorsal 
vertebra?. Whether the latter possess ornamented neural spines the 
specimens do not indicate. The abdomen is protected by the usual hair- 
like rods arranged en chevron, the angle directed forwards. No indica- 
tions of limbs can be discovered on the blocks. 

Without the cranial bones the affinities of this genus can not be deter- 
mined; while it may be allied to Cocytinus, the vertebrae of that form 
are without the peculiar diapophyses. 

Thyesidium fasciculabe, Cope. 
The best preserved example of this salamander includes nine verte- 
bras and the corresponding ventral armature. The centra, seen from 
below, are much contracted in their form, presenting an obtuse median 
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rib, which expands to the articular extremities. In one or two instances 
the latter are divided by fracture, and moderately concave form of the 
adjacent surfaces is evident. The diapophyses are of complex form, but 
the details are concealed by the prevalent thin layer of coal which in- 
vests them. An inferior prominence runs parallel to the centrum ; out- 
side of this the process 'is obscurely trilobate and thickened, not flat- 
tened, as in the caudal vertebrae of Ptyonius. Several ribs of moderate 
thickness appear by the side of the diapophyses. Eleven abdominal rods 
in .005 m. 

Length of a ventrum, .007 m. ; width of articular extremity of do., 
.004; total'width of do., .013; length (antero-posterior) of a diapophysis, 
.005. 

The second specimen was originally referred by me to the Oestocephalus 
remex as a posterior portion of its vertebral column, immediately pre- 
ceding the caudal series. This reference appears to me to be incorrect, 
although the resemblance between the corresponding parts in the two 
genera is no ( doubt considerable, and the alternative of proposing a new 
genus and species was not at that time advisable. The specimen is pi. 
21, fig. 2, and is described as follows : It is Nos. 26, 29, Mus. Newberry, 
a series of dorsal vertebrae that is without head or limbs. The verte- 
brae are elongate, three of them extending over 2.10 mm. The neural 
spines are longer than high, and are nearly in contact at their margins ; 
each is marked by about five obtuse vertical ribs. A fractured section of 
the abdominal dermal spines in place displays at least six superimposed 
layers of them. 



STEGrOCEPHALI. 
Phlegethontia, Cope. 

Proceedings American Philosophical Society, 1871, 177. 

This is one of the most interesting genera of the present series. It 
rests chiefly on a single specimen of one species, which is not perfect, 
but which displays the following characters : Head elongate-triangular ; 
body and tail extremely elongate, the dorsal vertebras without ribs, and 
the caudals without dilated spines ; no vertebral armature nor limbs. 

As a great portion of the length is presented, and no ventral rods or 
scales are visible, and as this character is confirmed by a second species, 
it probably belongs truly to the genus. The pectoral shields are also 
wanting in the specimen, but as there is a considerable vacuity behind 
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the skull of the specimen, it may be that these were lost with other 
parts. Chevron bones are not observable on the caudal vertebrae. This 
form is a true Batrachian snake. 

Phxegethontia linearis, Cope (species nova). 

In the only specimen the dorsal vertebrae are much involved anteriorly, 
so that the length is not readily ascertained. The entire outline of the 
skull is preserved ; it is elongate-triangular in form, with the angles of 
the mandibles produced backward, and the outlines of the rami a little 
convex. Nothing definite remains as to sculpture or dentition. The 
vertebras have longitudinal diapophysial keels, and have a zig-zag inter- 
locking of neural arches, probably by an external zygosphen above the 
zygapophyses. The latter are distinctly turned outward. The vertebrae 
are very numerous, and the tail very attenuated. The total length of 
the coils unwound is about .295 m., or eleven in eight lines; but there 
are interruptions not measured, and some confusion not unraveled. Num- 
ber of dorsal vertebra? in .005 m., two; of distal caudals, three and a half; 
length of cranium, .022, width behind, .009. Its size is about that of the 
skull of Ptyonius Marshii, Cope. The slenderness of the body may be 
estimated from the diameter of the dorsal vertebras, .0028 m., and of the 
caudals, .0014. The whole number of vertebras preserved is fifty-six. 
Another specimen, embracing fifteen vertebrae, without processes, or ribs, 
or other parts, resembles this species. There is nothing additional to be 
learned from it. 

Phlegethontia serpens, Cope (species nova). 

This Batrachian is much larger than the last, approaching nearly in 
its dimensions the Molgophis macrinus. It is represented by a series 
of twenty-two vertebrae, which, like those of P. linearis, are devoid of 
ribs, abdominal armature, dilated neural spines, etc. The series, when 
complete, must have been very long, as there is little difference in size 
between the first and last of the twenty-two. They are marginate fore 
and aft, and much contracted medially, owing to the transverse expanse 
of the diapophyses. There may be, indeed, a diapophysial element 
beneath these, but if so, the two are undistinguishable. They are con- 
nected by longitudinal impressions, indicating the existence of the 
tendinous bands in the longitudinal muscles seen in Amphiuma, or the 
osseous spicules seen in the same situation in birds. The neural spines, 
as indicated by their narrow bases, occupy the length of the neural arch, 
and remind one of Amphiuma. Width of one of the vertebras, three lines. 
This species appears to be rare at Linton. 
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Molgophis, Cope. 

Proceed. Acad. Nat. Sciences, 1868, 220; Trans. Amer. Philos. Society, XIV., 20. 

The characters of this genus are : body long, serpentine, without dermal 
armature, so far as known ; vertebrae long and broad, with very prominent 
zygopophyses and moderate neural spines ; ribs large, curved. No limbs 
or cranium can be ascribed with certainty to the type of this genus. 
The ribs are long, and though the head is not bifurcate, there appears to 
be both tubercle and head on the dilated extremity. Where crushed 
they display a large median vacuity. 

This genus differs from Ophiderpeton, Huxley, in the characters of its 
dorsal vertebras, which, in their projecting zygopophyses, resemble those 
of Amphiuma. The lack of ventral armature distinguishes it from Oesto- 
cephalus, while its well-developed ribs separate it from Phlegethontia. 

Molgophis macrinus, Cope. 

Loc. cit, Batrachian Reptile, Wyman, Amer. Jour. Sci and Arts, 1858, p. u, fig. t. 

This species is established by remains of two individuals, one embrac- 
ing sixteen and the other fourteen vertebras, with ribs. The neural 
arches, viewed from above, have a V-shaped outline posteriorly, from the 
fact that the broad zygapophyses meet on the median line and spread 
out distally over the broad anterior ones adjoining. The latter appear 
to be somewhat concave, and to border the former exteriorly as well as 
inferiorly. The base of the neural spine extends to the posterior emar- 
gination, but not quite to the anterior. The breadth of the dorsal verte- 
brae above is equal from the emargination behind to the anterior margin 
of the anterior zygapophysis. 

The ribs are long for a Batrachian, but not long for a Reptile. They 
are well curved, chiefly near the proximal extremity. The longest I 
can find measured by a chord equals two vertebras and two-fifths. Three 
vertebras, measured along the median line above, equal eleven lines; one 
of these is 3.6 lines in width above. This animal has be n, like Amphi- 
uma, a snake-like Batrachian, but probably still larger. How near its 
affinities to this genus maybe can not be ascertained, owing to the want 
of many important parts of the skeleton, but it differs in the important 
feature of the large, well-developed ribs. The size of the vertebras would 
indicate a body of the size of the common rattle-snake (Caudisona hor- 
rida), and too large for the Brachydedes Newberryi, which is only known 
from jaws. 
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MOLGOPHIS BREVICOSTATUS, Cope. 

Represented by portions of the vertebral column of these and perhaps 
of other individuals obtained by Prof. Newberry during the first season 
of 1874. One of these includes nine pairs of ribs, with vertebrae, and 
another thirteen pairs. The vertebra? are subquadrate in section, and 
the concavity of the articular faces is not deep. They support strong 
lateral ridges separated by deep concavities. The heads of the ribs are 
somewhat contracted, and the shafts present outward a tubercular angle 
at a distance of one-fourth the length from the head. The remaining 
part of the shaft is stout, nearly straight, and gradually contracting to 
an obtuse extremity. They embrace a narrow medullary cavity. In 
none of the specimens is there any trace of abdominal armature, but 
abundant remains of the contents of the abdominal cavity, in proper 
position, are preserved on the blocks. This species is more massive than 
the M. macrurus, and the ribs are shorter, thicker, and less curved. 

Length of seven vertebrae, .105m.; length of one centrum, .016; diame- 
ter of the same vertically, .011; length of a rib on curve, .024; greatest 
thickness of the same, .0025. 

The specimens exhibit imperfectly preserved neural spines, which ai t 
plain, and longer than high. 

Molgophis Wheatleyi, Cope (species nova). 

Established on a specimen which exhibits about twenty-five vertebra? 
with ribs, and the posterior portion of the cranium. No traces of ab- 
dominal scales or rods, thoracic shields, or limbs are visible. By such 
negative characters it is referable to the genus Molgophis, although the 
definition of the latter is as yet incomplete. The present Batrachian 
may, indeed, be ultimately found to be an Ophiderpeton, to which it also 
bears resemblance. 

The specimen is that of an animal of very much smaller size than the 
M. macrurus. The vertebrae are of moderate length, with a low neural 
spine, and centrum angular at the sides and truncate at the articular 
extremities when in place. The ribs are rather short, slightly curved,, 
and apparently hollow. Although the vertebral centra are ossified, the 
elements of the cranium have a larval appearance. These consist of 
two parallel flat, bony plates, which resemble the frontoparietal bones of 
a frog; they are slightly separated from each other, but do not inclose a 
fontanelle. A wedge-shaped bone extends from the outside of the front 
of each of these, acuminate behind, and widening anteriorly in the 
position of a postfrontal bone. In front of the posterior border of each. 
24 
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? parietal, on its outer side, a bony enlargement arises, which contracts 
outward and forward into a narrow element which curves forward be- 
neath the ?postfrontal. These look like an anteriorly directed quad- 
rate with articular bone, such as are seen in larvse and some adults of 
existing Batrachians. These determinations will require confirmation 
from additional material. In the meanwhile it is evident that the pres- 
ent specimen can not be referred to any of the other species herein de- 
scribed. 

Total length of specimen, 0.0650 m. ; total length of a rib, .0050; total 
length of ? parietal and postfrontal bones, .0085; width of head at ? quad- 
rate, .0080; length of a vertebra, .0020; depth of a vertebra, .0025. 

This animal is dedicated to Charles M. Wheatley, A.M., of Phoenix- 
ville, Pennsylvania, one of the original investigators of the deposit in 
which it occurs. 

Pleuroptyx, Cope. 

The specimens on which the species of this genus repose do not ex- 
hibit crania. The five — probably six — specimens which represent them 
•offer various views of the vertebral column, and in none is there any 
^trace of ventral or thoracic armature. Limbs can be ascribed to the 
.genus with probability only. The vertebrse are of moderate length, with 
well-developed zygapophyses, and a short and not very elevated neural 
;spine in the dorsal region, which is not sculptured in any way. The 
generic character is seen in the ribs. These are rather short and very 
stout, and support an ala on the posterior or convex border, which ex- 
pands downwards, and then suddenly contracts to the shaft. The ex- 
tremity of the latter is broad and truncate, and includes a medullary 
• cavity, which is only partially fitted with cancellated tissue. 

The general appearance of the species of Pleuroptyx is that of the Mol- 
gophis, so far as known, but nothing resembling the peculiar structure of 
?the ribs is seen in any other. 



Pleuroptyx clavatus, Cope. 

Parts of two individuals express the typical characters of this species, 
•while a third only differs in being considerably smaller. A fourth may 
very probably be referred here, and another, bearing several elements of 
-•a leg, should be most likely associated with the last mentioned. 

The ribs are considerably narrowed near the head, and appear to possess 
;a low tubercular process some distance below it. The shaft is curved 
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throughout ; the laminar expansion is quite thin ; while the distal end 
is expanded and concave, perhaps for the attachment of cartilage, al- 
though no trace of this remains on the shale. The neural spines have 
short bases, oblique anterior and nearly straight posterior borders, with 
obtuse extremity. I perceive no essential difference in the smaller spe- 
cimen, which is one-third less than the types. 

The limb is appropriate in its proportions to the present species, and 
may be described in this place. The first segment is one-third longer 
than the second, and has a transversely expanded head. The shaft is 
stout, the distal extremity not expanded and concave. The second seg- 
ment is stout, more expanded proximately than distally, the proximal 
end truncate and slightly concave. A bone, much displaced, lies near 
it, and is probably ulna or fibula; it is as stout as the first, the end 
not expanded. Of metatarsals there are two, three-fifths the length of 
the second bone of the leg, and of phalanges two, of two digits each. 
The proximal are three-fourths the length of the metatarsals, and indi- 
cate elongate toes. The obverse of this specimen is preserved, and con- 
tains no additional toes or phalanges. 

Length of a vertebral centrum, .014 m.; depth of a vertebral centrum, 
.009; depth of entire vertebra, .022; length of neural spine, .008; 
height of neural spine, .006 ; length of a rib on curve, .042 ; width of a 
rib at ala, .009 ; width of a rib at extremity, .005 ; length of first seg- 
ment of leg, .038; length of second segment of leg, .024; length of meta- 
podial bone, .010 ; length of first phalanx, .007. 

Ceraterpeton, Huxley. 

The single example on which the American species of this genus is 
established is a dorsal view of the posterior part of the cranium, and 
the anterior part of the vertebral column. From this we learn that the 
genus is characterized by the possession of osseous vertebrae ,with ribs, 
stout fore limbs, thoracic shields, and a cranium with sculptured surface. 
It also presents a remarkable development of the epiotic bone into a 
horn directed backwards, resembling in general that of Ceraterpeton Gal- 
vanii, Huxl. The number of digits can not be determined, nor is the 
existence of abdominal scuta or rods ascertainable. The ribs are not; 
alate. 

As compared with Ceraterpeton Galvanii, Huxl., this form presents no 
material difference; the absence of the abdominal scutella may be due 
to the dorsal view presented by the specimen, and be only apparent ; in 
C. Gqlvanii they are quite minute. 
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Ceraterpeton lineopunctatum, Cope. 

On the eleven or twelve vertebra? preserved the centra are longer 
than deep, but not slender; there are no sculptured spines. The ribs 
are not long, are rather stout, and beyond the proximal curve are nearly 
straight to the obtuse tips. The lateral thoracic shield is rather wide, 
and sculptured on its entire external surface. ' The pattern is like that 
of the skull, and consists of delicate ridges radiating from the extero- 
posterior angle, and bifurcating in their courses towards the circumfer- 
ence; the interspaces are marked with a series of punctiform impres- 
sions. The epiotic horn is as long as three vertebrae, is more than four 
times as long as wide at the base, and has a gentle outward curvature, so 
that the sub-acute apex is turned slightly inwards. The supraoccipital 
has strongly convex lateral sutures. There are in the thoracic region 
some bones of tri-radiate form and striate surface, which probably belong 
to the scapular arch. The humerus is a stout bone, and the ulna and 
radius rather small and separate. Two phalanges are preserved ; their 
whole number is unknown. A flat bone is preserved near the scapular 
arch, which has much the form of a lacertilian pubis, with anterior pro- 
cess, etc. The anterior part of the cranium is lost.. 

Length of thirteen vertebras, .060 m. ; length of a rib, .016; length of 
epiotic horn, .012; length of lateral thoracic plate, .012; width of lateral 
thoracic plate, .009 ; length of ulna, .008. 

This horned salamander has been wanting heretofore to complete the 
representation of the Carboniferous forms of Great Britain in the cor- 
responding fauna of the United States. It is about the size of the Igu- 
ana tuberculata of South America. 



Ceraterpeton lennicorne, Cope. 

Represented by the remains of a cranium and its obverse in a good 
state of preservation. It is about as wide as long, and possesses the 
horns characteristic of this genus. The orbits are far anterior, and are 
well separated by a wide frontal bone. The impression of the latter is 
divided by a median line, which doubtless represents a suture. An oval 
plate appears above and behind each postorbital bone, and they are sep- 
arated by a parallelogrammic area which represents either parietal 
bones or front parietals. Behind the oval plates two rather broad, band- 
like elements curve outwards and backwards, resembling the parieto- 
quadrate arch of lizards, or the pterotic elements of fishes. They are 
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directed towards the epiotics, which are produced into horns. The pos- 
terior lateral part of the skull is composed of a broad, shell-like element, 
probably the squamosal, whose surface is striate, with narrow raised 
lines. The entire temporal region is roofed in as in other Stegocephali, 
and the elements are to be identified with postorbital, supratemporal, 
quadrato-jugal, squamosal, and, perhaps, pterotic. 

The muzzle is short and nairow. The surface of the skull, as indi- 
cated by a few remains of it, is marked with obscure and irregular 
ridges. The horns are slender, and directed straight backwards without 
incurvature. Their surface is finely striate- grooved; the outer face is 
excavated, and is separated from the superior by a longitudinal angle. 

This species differs very much from the last in its sculpture and in 
the form of its horns. The specimen described is smaller than that of 
C. lineopunctatum. 

• Length of cranium without horns, .031m.; length of a horn, .012; diam- 
eter of a horn at base, .0024 ; length of head on middle line, .026 ; width 
of head behind, .032; interorbital width, ,007 ; length from occiput to or- 
bits (axial), .0135. 

Ptyonius, Cope (genus novum). 

Sauropkura, part Cope ; Proceed. Ac. N. Sci., Philad., 1868, 217. 
Oesiocephalus, part Cope; Trans. Am. Philos. Soc, XIV., p. 20. 

Form elongate, with long tail and lanceolate cranium. Limbs weak, a 
posterior pair only discovered. Three pectoral shields present; abdomen 
protected by packed osseous rods, which are arranged en chevron the 
angle directed forwards. Neural and haemal spines of caudal vertebra? 
expanded and fan-like. Ribs well developed. 

This genus is the most abundantly represented by species and indi- 
viduals among those found at Linton. These are almost snake-like in 
their proportions, and vary in length from three to ten inches. The 
muzzles of the known species are acuminate, and the upper surfaces of 
the cranium in the three spaces where it is preserved are sculptured by 
rather distant crests and tubercles. The squamosal is evidently more 
expanded than in recent Batrachia, either of the tailless or tailed orders. 
In P. pectinatus and P. Vinchellianus it is a broad plate concealing the 
quadrate, and apparently readily separable from it, as it is loose in some 
of the specimens. This is an interesting point, as the homology of the 
squamosal with the preoperculum of the fishes has been asserted by 
Parker and the writer,* and the view is confirmed by the resemblance 
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of the former to an operculum in these the most fish-like of the Batra- 
chia. The teeth are numerous, small, and some of them apparently- 
simple ; others appear to be grooved. In a cranium (No. 140), perhaps 
of P. pectinatus, they extend to the tip of the slender jaws, are rather 
stout, acute, and evidently marked with a few strong grooves on the 
shank. The form of the head is a curious miniature of Ichthyosaurus. 

Remains of limbs have only been observed in the position of the pos- 
terior pair, and that in several individuals. 

The present genus resembles Lepterpeton, Huxl., of the Irish Coal 
Measures, in the form of the cranium and in proportions of body, but that 
exhibits divided abdominal rods, or "oat-shaped scales," and the caudal 
vertebrae have not the fan-like processes. In the last point they agree 
with Urocordylus, Huxl., but this genus is not represented as possessing 
ribs, and the abdominal rods are also divided, forming the " oat-shaped 
scales." I formerly referred the species of Ptyonius to Oeslocephalus, but 
in that genus no pectoral shields have been observed. The vertebrae in 

0. remex are of rather more elongate form than in the species of Ptyonius. 
Should, however, the pectoral plates be found in 0. remex, this genus 
must be united with that one. 

Four species have been detected by the Geological Survey : 

1. Vertebra shorter; fan-like processes of caudal vertebrae broad, 
equilateral. 

x Abdominal rods coarser, not more than ten in .005 m. 

Median pectoral shield discoid, radiate ridged; muzzle short , P. nummifer. 

Median pectoral shield oval, pitted and ridged P. Marshii. 

xx Abdominal rods hair-like, fifteen or more in .005 m. 

Middle pectoral shield with radii from the center, the principal form- 
ing a cross; form wider P.Vinchellianus. 

Middle pectoral with pits at the center and few or no radii ; form 
narrow P. pectinatus. 

Middle pectoral shield narrow, closely reticulate medially, and radiate 
towards the circumference ; size half that of the last P. serrula. 



Ptyonius nummifer, Cope. 

Two well-preserved individuals display peculiarities which indicate 
specific distinctness from previously known species of Ptyonius. The ab- 
dominal rods are of the coarse type of those of the P. Marshii. The 
caudal fans are well developed, and not so wide as in P. pectinatus. The 
pectoral scuta form a discoid body of a different form from that of P. 
Marshii, and I can not detect the lateral scuta at all. The sculpture con- 
sists of strong ridges, which radiate from the center to near the border. 
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Immediately in front of this wide scutum is the head, which has a differ- 
ent form from that of the known species; although, viewed from 
above, it is relatively as well as absolutely the widest in the genus, the 
length being one-fifth less than the width behind, and the length of the 
muzzle exceeding that of the orbits by one-fourth. The interorbital 
width is two-thirds the long diameter of the orbit. The thinness of the 
cranial bones prevents a determination of the structure of the skull, but 
there is a flat, narrow bone in the position of ethmoid, and a scale-like 
plate behind and below the orbit. 

The second specimen resembles the first in all essentials, including the 
abdominal rods and thoracic scuta. It displays a slender but rather 
elongate hind leg on each side, confirming again the definition of this 
genus as possessed of hind but not of fore limbs. The femur is larger 
than in other species, and is quite expanded proximately ; one-half of the 
tibia remains. 

• Length to beginning of caudal fans, .065 m. ; length of head, .015 ; do. 
to orbits, .006; do. of thoracic scuta, .007; width of thoracic scuta, .008; 
do. of abdominal armature, .008 ; length of a caudal fan, .0025 ; do. of a 
femur (No. 2), .0050; proximal width of do., 0015. 



Ptyonius Marshii, Cope. 

Colosteus Marshii; Trans. Amer. Philosophical Soc, XIV., p. 24. 

This species is represented by the type specimen and by parts of three 
others, one of the latter including the pectoral shields. It is distin- 
guished in the genus by the relatively large size of the dermal abdom- 
inal rods, which are stouter and less numerous than in the other species. 

One specimen is lying on its back, displaying the ventral armature 
somewhat disturbed, and broken through in some places. The head is 
tuftied abruptly to one side, and is apparently right side up. Several of 
its elements are scattered on adjacent portions of the block. 

The head is of an elongate lanceolate form. The upper surface of the 
frontal bones is punctate-rugose in relief, with short radii towards the 
margin. The distal two-thirds of the mandible is narrow wedge-shaped ; 
the external surface is coarsely pitted. There are no teeth preserved. 
The sutures of the cranial bones are of the squamosal type, or fish-like. 

The three thoracic shields are considerably displaced. The lateral are 
subtriangular, and are strongly ridged towards the inner margin. The 
median shield is short spatulate, the narrow portion directed anteriorly ; 
the posterior rounded. It is coarsely pitted medially, and coarsely and 
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strongly radiate-ridged to the margin. Immediately behind these plates 
the dermal armature commences. It consists of elongate, narrow, sub- 
cylindric scales, which meet on the median line, converging anteriorly, 
as in the long rod-like pieces of Otocephalus. 

Nothing can be found pertaining to limbs; but some laminae and im- 
pressions in the position of pelvis, but not immediately connected with 
the other portions of the skeleton, may belong to the latter arch. 

Length of body to buckler, 4.2 mm. ; width of ventral armature, .8 ; im- 
pression of humerus (or coracoid), .2 ; length median thoracic plate, 1.15 ; 
width do., .51 ; length fragment under jaw, .75 ; depth do. at middle, .15 ; 
width end muzzle, .29. 

In a second and smaller specimen the fan-shaped neural spines are 
seen to be developed in the dorsal region, though longer than high. The 
median pectoral plate is a broad oval, with a lanceolate prolongation in 
front. Behind it is subtruncate. Besides the radiating ribs, there are a 
few tubercles medially. The chevrons of the abdominal armature are 
separate from each other and continuous from end to end, thus not form- 
ing a zigzag median longitudinal suture, as in Sauropleura longipes, etc. 

In another specimen the peculiar coarse ventral rods are associated 
with the anterior part of the caudal series of vertebra?, with their fan- 
shaped processes. The latter are about as broad as high, and have entire 
margins and four or five shallow longitudinal grooves. A femur, with 
tibia and fibula, projects from near the origin of the tail. They are 
small, the femur measuring two fans of two caudal vertebrae along their 
summits, or .004 m. The tibia and fibula are well separated. 

Other specimens present only ventral ossicles. 



Ptyonius Vinchelliantxs, Cope. 

Otocephalus VinchelManm; Proceedings Amer. Philos. Soc, 1871, 177. 

Represented by the opposite halves of a single specimen, which in- 
cludes only the cranium and anterior half of the body. The fan-shaped 
neural spines commence but a short distance behind the line of the pec- 
toral shields; they are low, and with a few coarse ridges; the margin 
entire. The abdominal rods are delicate and hair-like. The pectoral 
shield is an oval, with a few radiating crests, which originate at the cen- 
ter ; in the areas between these there are a few scattered tubercles. The 
lateral shields are ridged near the margin. 

The cranium is lanceolate in form, and the bones of the superior walls 
are marked with a few raised points and ridges. There is a thin bone, 
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which I have already alluded to as the squamosal or preoperculum, 
shaped like a right-angled triangle, separated from the outer posterior 
angle of the head, which exhibits a few similar marks. 

Length of cranium, 0.020 m.; width of do., .008; length median pecto- 
ral plate, .0042. 

This small species is of the size of P. pectinatus, and should be 
especially compared with it. In specimens of that species in which the 
cranium has the same size, the median pectoral plate is narrower and 
more prolonged longitudinally, and exhibits tubercles and a few ridges 
near the circumference, but no cross like figure. 

Dedicated to Prof. Alexander Winchell, of the University of Michi- 
gan, author of that interesting work, Sketches of Creation. 



Ptyonius pectinatus, Cope. 

Sauropleura pectinata, Cope ; Proceed. A Nat. S ciences, 1868, 216. 
Oestocephalus pectinatus, Cope; Transac. American Philos. Soc, XIV., p. 20. 

Represented in the collections by eight characteristic and perhaps 
two other individual specimens. These furnish material for a pretty 
full account of it, though it is to be regretted that while two have the 
crania, the constitution of the superior face is not easily made out. 

The head is lanciform, and the muzzle very elongate, slender, and 
acute at the extremity. The orbits are behind the middle of the length, 
and are large ; they narrow the frontal region, so that it is narrower than 
the diameter of either. The cranium is truncate behind, and the angle 
of the mandible projects a little beyond it. The posterior portion of the 
mandible is strongly sculptured ; on the upper half there are inter- 
rupted longitudinal ridges; on the lower the elevations predominate 
and inosculate, leaving intervening pits. The angle of the mandible is 
acuminate. In one specimen a bony plate in the position of the squa- 
mosal is striate in the direction of the axis of the head. The teeth 
are conic and acute, and some of them larger than the others and striate 
longitudinally. In one specimen a close series of minute conic teeth 
passes across the upper part of the orbit, indicating the existence of a 
palatine or pterygoid dentition In one specimen the preserved surface 
of the bone which constitutes the postero-external cranial angle is 
sculptured with rather distant impressed pits. The thoracic shields are 
well preserved. The median is a narrow oval, with anterior and poste- 
rior prolongations. In one specimen it is marked by a limited number 
of tubercles, arranged radially round the vacant center ; in another the 
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center is filled with tubercles also. There are few or no radii. The lat- 
eral shields are narrow, and are tubercular medially, and radiate near 
the margin. Abdominal rods bristle-like. 

Vertebrae short. The expanded neural spines commence over the 
thoracic region, where they are low ; they become well developed on the 
posterior dorsal region. The caudal fan-shaped spines are large, the 
neural and haemal similar and undistinguishable. The dilated portions 
form nearly equilateral triangles, which stand on moderately short pedi- 
cels. They are weakly ridged, and each ridge is prolonged into a nar- 
row acute tooth beyond the margin, of which eleven may be counted on 
one of the best preserved spines. The longitudinal stria? are terminated 
near the pedicel by two others which cross obliquely from each side, and 
meeting, present the appearance of the margin of a cup sculptured in 
relief, from which the striae arise. Pedicels smooth. The spines are in 
contact at their angles, thus forming a continuous line. In the typical 
specimen there are six in a half inch, in another seven, and in a third 
eight. A specimen originally described as belonging to this species, as 
having ten in a half inch, may belong to the P. serrula. The ribs are 
well developed and slender. 

No traces of fore limbs can be found in any of the numerous well-pre- 
served specimens ; but in two of the specimens bones of the hind limbs 
are preserved. In one of these the femur is a small bone, contracted at 
the middle. Number of phalanges not preserved. 

Extent of spines in largest, .097 m. ; extent of spines in No. 2, .006; 
extent of spines in smallest, .005; length of head in smallest, .018; 
length from muzzle to femur of ditto, .0583 ; length of tail of ditto pre- 
served, .037 ; length of femur ditto, .004. 

The abdominal rods are bristle-like, and the vertebrae do not display 
any other processes than those described. 

The most abundant of the Linton Batrachians. 

Since the above was written several specimens display fully the atten- 
uated muzzle of this species, with other characters. The mandible is 
very deep posteriorly, and the postorbito-squamosal and quadrato-jugal 
arches are evident. The orbit is large, the thoracic scuta small, and the 
abdominal rods fine. 

Length of head, .016; length to orbit, .012 ; diameter of orbit, .004. 

The teeth are very acute, rather remote, and their bases are plainly 
striate. 
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Ptyonicjs sekkula, Cope. 

Proceedings Amer. Philos. Soc, 1871, p. 177. (Oestocephalus.) 

Represented especially by a single almost complete specimen, and per- 
haps by another originally referred to the preceding animal. It is only 
half as large as the P. pectinatus, but displays a more complex sculpture of 
the pectoral shields, indicating that it is not immature. The tail is 
relatively longer. 

The remains of the head indicate a trigonal outline, but the muzzle is 
lost. The pectoral shields are narrow and elongate, both median and 
lateral a little wider behind. The median has a considerable smooth 
anterior prolongation. Its surface is near the middle sharply reticulate- 
ridged, then closely radiate-ridged to the margin. The lateral shield is 
reticulate-ridged behind, and sends out radii, those on the anterior part 
subparallel. The triangular haemal spines begin far forward; with the 
neurals they are rather elongate deltoid in form, without the distinct pe- 
duncle seen in P. pectinatus, but instead a short concave or crescent-shaped 
base, from the concavity of which the sculpture rises. This consists of 
ridges which extend beyond the intermediate spaces like teeth. Ab- 
dominal rods hair-like. Ribs distinct. Remains of limbs not discern- 
ible. 

In the second specimen alluded to weak limbs are seen on each side of 
the posterior part of the abdominal cavity. On the right a moderately 
stout femur is given off, which is followed by a broken tibia and fibula, 
and then by five closely appressed metatarsals. The last are two 
and one-half times as long as the space between them and the femur; 
beyond them a few slender phalanges are moderately distinctly defined. 
The tibia is more distinct on the left, but no tarsus nor phalanges; 
but some of the metatarsals remain. Length of limb to end of meta- 
tarsals equal to five juxtaposed vertebrae, measured along the edges of 
the neural spines. The limb, especially the foot, is slender. In this 
specimen there are ten neural spines included in a length of half an 
inch. 

In the typical specimen twelve neural spines are included in a half 
inch. The dorsal vertebrae are somewhat dislocated in the anterior re- 
gion ; nevertheless it appears that the length from the front of the pec- 
toral shiel I is contained twice in the length of the tail ; in the smallest 
example of P. pectinatus it enters the same .75 of a time, though perhaps 
a very little should be added for the missing extremity. 
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Length of type from anterior edge of pectoral shields, 0.085 m. ; length 
of median pectoral plate, 0.006; width of neural and hasmal spines at 
first cauda vertebras, .0045 ; do. at middle of tail, .004. 



Oestocephalus, Cope. 

Proceed. Acad. Nat. Sci., Philada., 1868, p, 218; Transac. Amer. Philos. Soc, XIV., 

p. 16, 
Sauropleum, pt. ; Proceed. Acad. Nat. Sci., Philada., 1868, p. 217; Proceed. Amer. 

Philos. Soc, 1871, p. 41. 

Another genus resembling in its fan-like hsemal and neural spines of 
the tail the European form Urocordylus, and differing from it as Ptyonius 
does, i. e., in the rod-like abdominal scales. Its form is long and snake- 
like, and it thus resembles Ophiderpeton, Huxl. But in the latter there 
are no limbs, and the cranium is very differently constructed ; in Oesto- 
cephalus it is much as in Ptyonius and Lepterpeton. The characters then 
are as follows : 

Form slender and snake-like ; caudal vertebras with dilated and sculp- 
tured neural and hasmal spines. Cranium lanceolate. Teeth numerous, 
of nearly equal size. No pectoral shields abdomen protected by very 
numerous bristle-like rods, which converge forward ; scales none. A pair 
of weak posterior limbs ; branchihyal bones present. 

In the only well-preserved species the cephalic bones exhibit no sculp- 
ture from the parietal region forward. The angles of the mandibles are 
prolonged backward, as in Apateon and the Anura, and the well-developed 
ribs commence but a short distance behind the head. The vertebras are 
slender and furnished with well-developed diapophyses. The neural 
spines of the dorsal vertebras in O. remex are flattened and antero-poste- 
riorly expanded and weakly grooved to their superior margin. 

The character which separates this genus from Ptyonius is the absence 
of the three usual pectoral shields. In two specimens the pectoral re- 
gion is presented, and no trace of the shield appears ; on the contrary, 
the ventral armature of bristles or rods extends to the head. 

A pair of symmetrical bones, whose impressions are seen posterior to 
the occipital bone, I once thought might belong to rudimental limbs. 
They, l however, appear to be the elements of the second or third branchial 
hasmal arch ; the first, or hasmal, followed by a second element, which is 
probably the inferior pleural segment of the arch. A third piece '^follows, 
which is the superior pleural element of the same. The other branchial 
arches are lost,'but some impressions are visible. 
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Mr. Miall* finds that Urocordylus, Huxl., possesses ribs like this genus 
and hence suspects the identity of the two. The "oat- shaped scales" 
composing the ventral armature of Urocordylus, however, constitute an 
important distinctive feature. These are only found in two Ohioan 
genera, viz., Sauropleura and Colosteus. 

Before I was fully acquainted with the structure in this genus, I re- 
ferred some of the species to Sauropleura, which is quite distinct. 

I am acquainted with one species from more or less completely pre- 
served skeletons, with portions or wholes of crania, and another species 
from cranial specimens alone. They may be distinguished as follows 

I. Vertebrae elongate ; fan-like caudal processes narrowed. Size large 
mandibular teeth of unequal lengths, with the apices turned backward 
0. remex. 

II. Species only known from cranial bones with teeth. Teeth equal, 
erect, with acute conic apices, eleven in 005 m. ; 0. rectidens. 



Oestocephalus remex, Cope. 

Sauropleura remex, Cope; Proceed, Acad. Nat. Sci., 1868, p. 217. 
16.; Proceed. Amer. Pliilos. Soc, 1871, p. 41. 

Oesiocephaltis amphiuminus, Cope ; Proceed. Acad. Nat. Sci., Philada., 1868, 218; Trans- 
actions Amer. Philos. Soc, XIV., p. 17. 

This species is represented by nine specimens, generally with reverses, 
and three or more others are probaby referable to it. Two specimens 
display crania, and one, caudal vertebrae complete, with hind foot ; 
another consists of part of the caudal series, while most of the others 
are from the dorsal region. An instructive specimen represents the 
posterior portion of the abdomen, with basal region of the tail, with its 
fans, with its pelvic and limb bones. 

They indicate an animal of the average size of the Amphiuma means. 

The extremities of the vertebrae are deeply concave, but the centra 
are so long as to prevent the concavities entering more than one-fifth of 
the latter, each. The diapophyses are behind the middle, and are broad, 
curved backwards, and acuminate as in Amphiuma. The centra have a 
prominent median line below, with a longitudinal concavity on each 
side. Five of them a little exceed an inch in length. Neural spines 
moderate. The humerus is longer than the coracoid, and is considerably 



* Report on the Labyrinthodpntia of the British Coal Fields ; Proceed. Brit Ass. 
Adv. Science, 1873. 
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dilated distally ; the coracoid slightly dilated at its superior extremity. 
The dermal armature commences immediately behind the head, and 
forms a band of fourteen lines in width ; measuring across the spine-like 
scales, in a width of a line, four cylinders may be counted. The ex- 
ternal portions are curved backwards, the interior nearly straight, those 
of the anterior series more delicate than the posterior. 

The head is wedge-shaped, with regularly converging sides. The top 
of the cranium is somewhat broken in the specimen ; the portions pre- 
served are smooth, and the longitudinal suture is distinct for a consider- 
able distance. The angle of the mandible is produced considerably 
behind the occiput, and is enlarged and rounded. The end of the muz- 
zle is broken away, and the region of the orbits so fractured as to render 
their precise location uncertain. The superficial layer of the cranial 
bones is nowhere clearly visible, so that it can not be ascertained 
whether it is sculptured or not. The quadrate bone projects well poste- 
riorly. Some fragments indicate small cylindric teeth, as in Amphiba- 
mus, but they are not characteristic. 

Length of cranium without muzzle, 17.3 lines ; width do. posteriorly, 
11.5; length of the first haemal branchial, 2.1; length second do., 2.5; 
length of sixth vertebra from skull, 3 ; extent diapophyses, 3.5 ; width 
centrum, 1.5. 

The characters of the genus are further shown by a part of another in- 
dividual in the same coal slate matrix. The cranium and anterior por- 
tion of the vertebral column only are preserved, the latter so much in- 
jured as to render the vertebral characters very obscure. As in the 
other, the bristle-like scales extend along the ventral region to near the 
cranium. The anterior two-fifths of the ventral side shows a large num- 
ber of oval scale-like bodies, which belonged undoubtedly to the animal, 
and were probably dermal scales. They are, however, neither regular in 
form nor position- Close behind the head two or three long bones of the 
branchial arches have Been exposed. They are slender and similar to 
those of the last specimen. 

Tne cranium, though without the apex of the muzzle, shows its long 
wedge shape. The maxillary bone can not be distinguished, nor can the 
orbits be made out. One ramus mandibuli is pretty well preserved ; it 
shows no coronoid process. Thirty-one teeth may be counted on a por- 
tion a little more than one-third its length. The anterior eleven of 
these are longer and stouter than the others. They are all, except a few 
most anterior, in pairs, i. e., with a slight vacancy between every two. 
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The larger ones where broken at the bases exhibit a moderate pulp cav- 
ity; the smaller, a large one extending to near the tip. Several, though 
not all, of the larger teeth display a shallow groove on the external face 
to near the tip, which is probably owing to pressure and a partial crush- 
ing. The points of the larger teeth are more abruptly acute, and turned 
abruptly backwards. A portion of their increased length (.35) is to be 
attributed to the splitting off of the external dentary margin and the 
exposure of the roots. No alveoli are shown, and the dentition is prob- 
ably by anchylosis of base. 

A portion of the dentition is well displaved in a specimen (No. 117) 
which includes the top of the head without muzzle or occiput, with a 
portion of the side including both mandibular rami. One of these sup- 
ports twenty-six or seven teeth, which are longest anterior to the middle, 
and diminish in both directions. A considerable number of maxillary 
teeth oppose them, while the rather shorter premaxillary teeth are 
curved towards the slightly posterior end of the dentary bone. All the 
teeth are uniformly cylindric, except at the extremity, where they are 
expanded and flattened so as to produce a longitudinal edge, which is 
carried backwards on a recurvature of the apex. The base is anchylosed 
equally and without enlargement, and no part of the shaft is striate or 
grooved. The upper surface of the cranium is narrow, a result not 
altogether due to pressure, with distinct median suture. The surface, 
with that of the mandible, is smooth, as in the cranium above described. 
The mandible exhibits two longitudinal series of foramina. 

It is to be regretted that both the specimens of crania are in such a 
state as to preclude the proper determination of their elemental seg- 
ments. 

Length of mandibular dental series, 0.024 m. ; depth of mandible at 
middle, .005 ; nine teeth in, .005 ; length of longer teeth, .002. 

From the above it appears that the apparent abruptness in change 
from the longer to the shorter teeth in the skull first described is due to 
accident. 

Characteristic of the species are the remarkable length and slender- 
ness of the fan-shaped neural and hsemal spines, and the absence of an 
acute serration on their margins. In this species the spines have a 
laminiform expansion at the base in their piano. In the Ryonim pectin- 
aim, previously described, these spines are not only relatively broader 
and more fan-shaped, but they are acutely serrate on the margin and 
constricted at the base. 

An interesting specimen displays the base of th© tail, with two inches 
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of the preceding abdominal region, with pelvis, etc. The determinable 
portions of the last consist of a narrow bone, which is directed back- 
wards and somewhat inwards on each side of the vertebral column. Its 
form resembles that of the ilium of Protonopsis, and is, like it, slightly 
expanded at the anterior end. It also resembles the corresponding ele- 
ment in Sauropleura longipes, and in neither this species nor that can I 
find the segment or modified rib which connects it with the sacral verte- 
bra in the existing genera of Salamanders. Towards the head of the 
femur it turns rather abruptly inwards, and it is possible that the latter 
portion represents the true ilium. In S. longipes the bone is straight, 
and on both sides extends to the head of the femur. The femur is rather 
short, nearly straight, contracted medially and expanded distally; the 
tibia is shorter and subcylindric. Beneath the ilium the last chevron of 
the abdominal rods appears, the outer extremities rising on the base of 
the tail. The caudal vertebra? are similar to those described below. The 
fans are elongate, truncate, and delicately lined. 

Length of four proximal caudal vertebrae, 0.0175 m. ; expanse of fans 
second do., .0185; length ilium (end broken), .0115; distal diameter do., 

030; length femur (both), .0115; distal diameter do., .0040; length 
tibia (both preserved), .0070. 

Another specimen exhibits a length of 0.170 m., without indication of 
extremities or head. 

Fig. 3. 




CAUDAL VEK1T8BRJB, NATURAL SIZE. 



Besides one complete series, the caudal region is represented by a por- 
tion of the vertebral column three inches in length. In this space may 
be counted twenty-four vertebrse. Such of the latter whose outlines are 
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visible display centra characteristic of the genus ; their terminal con- 
cavities conic, with apices meeting in the centrum, medially. The di- 
late haemal spines are a little more than three times as broad distally 
as they are long, while the neural spines are a little narrower. The 
haemal spines stand about the middle of the centrum. The basal half is 
furnished with an anterior ala, which leaves the anterior margin rather 
abruptly and extends to the next spine in advance. It returns grad- 
ually to the centrum, and is separated from the articular face of the lat- 
ter by a notch. A similar ala exists on the posterior margin of the 
haemal spine, which extends for a shorter distance above the base, and is 
narrower than the anterior. Each spine presents a median groove on its 
surface, which extends half way to the base or further; on each side of 
this are some three other grooves which extend but a short distance ; 
surface otherwise smooth. The ends of the grooves slightly notch the 
truncated end of the spine. 

The neural spines are on the posterior portions of the centra, and not 
in contact with the bases of those adjacent. They are without the dila- 
tations of the haemal spines, and are directed rather more obliquely back- 
wards. They are similarly grooved, though without that so distinctly- 
median seen in the haemal series. 

Both neural and hsemal spines become stronger towards the anterior 
part of the vertebral column. There appear to be no zygapophyses, nor 
diapophyses, nor rudiments of ribs. The centra are rather stout and 
somewhat constricted medially. There are no traces of dermal armature 
of any kind. 

Length of a posterior centrum, 1.2 lines ; depth of a posterior centrum, 
1.0; length of haemal spine of adjoining vertebra, 4.4; basal width, 1.4; 
median width, 0.9; distal width, 1.1; length of a more anterior haemal 
spine, 4.3 ; distal width of a more anterior haemal spine, 1.5 ; length of 
anterior neural spine, 4.0 ; width of anterior neural spine, 1.4. ( 

In the specimen exhibiting the series from the hind limb to the ex- 
tremity of the tail sixty-four vertebrae may be counted. The spines are 
similar in form to those just described. Distally the sides become more 
parallel, at first narrowing them, but near the tip they are short, and 
are wanting on the last vertebra. The centra support neural arches 
well interlocked by a double articulation. Thus the anterior zygapoph- 
ysis, as usual, looks upwards, but the posterior, which rests on it, is in 
connection above with a zygasphen-like prolongation of the neural arch 
of the following vertebra. Thus the posterior zygapophysis fills a notch.. 

The posterior limb in this specimen is represented chiefly by metatar- 
sals and phalanges, chiefly of one digit. There are in the latter four in 
25 
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place, terminating in a short obtuse ungueal phalanx. Proximally to 
the first of the series is another, rather shorter than the latter, perhaps 
the first of the digit. Several other phalanges are irregularly distrib- 
uted, and there are several metatarsals not well preserved. There were 
four or five digits. 

Length of entire caudal series, 0.195 m. ; width (total) at ninth, .021 ; 
width (total) at thirty-sixth, .02 ; length of four phalanges in place, .014. 

The hind foot was evidently rather elongate, though its proximity to the 
vertebral column suggests that the proximal part of the limb was not so. 

In size this species is about equal to the Urocordylus Wandesfordii, 
Huxl. The caudal spines differ in the greater attenuation of the neural 
series, and the presence of a basal lamina on the haemal, judging from 
Huxley's account of the latter. 

Oestocephalus rectidens, Cope. 

Transactions American Philosophical Society, April, 1874. 

Indicated by a left dentary bone, with its teeth and external surface 
-preserved. The latter is nearly smooth and without sculpture. The 
■ outer face is convex, and the general form is slender, but not curved up- 
ward at the extremity. Teeth straight and conic, apex acute; no visible 
grooves of the surface ; eleven in .005 m., closely placed, and of equal 
lengths. The extremity of the dentary does not exhibit teeth, but they 
*nay be concealed. 

Length of dentary, 022 m. ; length of tooth line, .0152 ; depth of den- 
ary at last tooth, .0027. 

This represents a smaller animal than does the skull of O. remex, 
and differs much from the latter in the more closely placed and perfectly 
^straight teeth. 

I describe here a specimen which is closely related as to size with the 
0. rectidens, and is probably a member of this genus; but the specific 
reference will remain uncertain till other portions of the skeleton are 
discovered. Those preserved consist of twenty-five caudal vertebras, 
.probably from the anterior part of the column. There are, therefore, no 
ribs nor ventral armature. The centra are rather elongate and expand- 
ed at the extremities ; the neural arches have a close union. There are 
no diapophyses, but the fan-shaped and striate neural and haemal spines 
are present. They are, however, shorter than in O. remex, and not so ex- 
posed as in the species of Ptyonius. The bases are quite narrow. Their 
reduced size may be derived from the following measurements : Length 
of three centra, .0086 m. ; extent of neural and haemal spines, .0087. 
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The same dimensions in 0. remex are .012 ; extent of spines, .02. While 
this species is smaller than the latter, it is larger than any known Ptyo- 
nim ; its elongate vertebrse are most like those of Otocephalus. 

A cranium of a much smaller individual than any of the 0. remex, 
found by Dr. Newberry in 1874, probably belongs to another species, 
but without other parts even the generic reference is uncertain. The 
great size, especially of the posterior part of the lower jaw, produces a 
marked resemblance of the toad to that of a diminutive crocodile. 
Length, .042 ; depth behind, .014 ; depth of lower jaw behind at coro- 
noid, .006. (See pi. 44, fig. 3.) 

Hyphasma, Cope. 

Proceed. Academy, Philada., 1875, p. 16. 

Vertebrse osseous, the posterior dorsals, and probably the caudals, fur- 
nished with fan-like neural spines ; limbs unknown — ? wanting. Tho- 
racic shields present. Ventral armature, consisting of rhomboidal scuta, 
forming packed rows arranged in chevrons, directed backwards, on top 
of which are the usual rod-like scales arranged in packed chevrons, with 
the angle directed forward. 

The general appearance of the type of this genus is that of a Ptyonim, 
but the ventral armature is different from any thing observed in the 
known genera of this group. The larger external scuta are like those 
of the species of Colostem, but their series have a different direction. 
The inner chevrons are those of many other genera. 

Hyphasma laevis, Cope. 

In the only known specimen the vertebras have low and squarely 
truncate neural spines to near the head, and some distance anterior to 
the tail they are quite conspicuous and delicately line-grooved. The 
body is slender and probably limbless. The thoracic scuta are large and 
close to the head; the median is produced at both ends, but chiefly ante- 
riorly, while the lateral are narrow; all are without sculpture. The 
head is seen from below. The mandibular rami are not so slender as in 
most species of Ptyonim, but are rather stout. They are a little incurved 
distally, so that tbe form of the muzzle is somewhat narrowed, but not 
produced. The teeth are not visible. Ten rows of the outer layer of 
scuta in .005 m. 

Length of specimen, .068 m.; width of do., .008; length of seven ver- 
tebrse, .015; length of median thoracic scuta, .010; width of do., .004; 
width of lateral do., .002; length of mandibular ramus, .012. 
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Besides the generic characters, this species differs from any of the 
Ptyonii in the smoothness of the scuta, their relatively large size, and 
the anterior extension of the expanded neural spines. 

Brachydectes, Cope. 

Proceed. Acad. Nat. Sci., Phila., 1868, 214; Trans. Am. Philos. Soc, 1868, XIV., p. 14. 

This genus is indicated by two rami of a mandible and a portion of a 
premaxillary only. These, when compared with those of Otocephalus 
and Tuditanus, from the same locality, and with others described by 
authors, are so much stouter, i. e., shorter and more elevated, that they 
evidently belonged to a genus unlike either. The genus further differs 
from Oestocephalus in having the teeth of equal size to the poste- 
rior parts of the series, that is, to the base of the elevated coronoid pro- 
cess. The teeth are elongate cylindric cones, with their acute tips 
turned a little posteriorly. The fractured ones display a large pulp cav- 
ity. The three premaxillaries preserved are similar, but without curva- 
ture of the tips. They do not exhibit strise or any other sculpture. 

So far as the remains known go, the genus is nearer Hylerpeton than 
any other. According to Dawson, that genus is provided with, a large 
canine-like tooth, at the anterior extremity of the maxillary, on the 
inner row, which is inserted into a distinct socket. No such tooth ap- 
pears among those of this genus. The latter does not give any indica- 
tion of the very elevated coronoid process of Brachydectes, though, the ex- 
ternal portion of the dentary bone in that region being lost, little can be 
said about it. 

Brachydectes Newberry i, Cope 

Loc. cit., p. 14. 

This species is represented by one nearly perfect ramus mandibuli, 
one dentary bone, and one premaxillary, probably not complete. 

The dentary bone appears to have been attached by suture to the artic- 
ular and angular, as its free margin has very much the outline of that 
suture in Amphiuma and lizards. The coronoid process would also seem 
to be a part of the same bone as in Amphiuma and Menopoma, and not 
composed of a coronoid bone as in lizards. It rises immediately behind 
the last tooth, and displays no suture. 

The lower portion of the dentary is prolonged into an acute angle. 
This is separated by a deep and wide concavity from the superior poste- 
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rior prolongation, which is obtuse, and rises at once into the coronoid 
process. Teeth on this dentary, seven ; the same number is on the pre- 
served ramus ; this number is suspected to be complete, or nearly so. 
The teeth terminate at the obvious termination of each ramus, which is, 
it is true, slightly obscured. These teeth are the longest of the Micro- 
sauria in relation to the depth of the ramus, equaling the largest in 
Otocephalus. They are doubtless exposed, as are some of those of the 
last named genus, by the splitting away of the outer parapet of the den- 
tary bone. As no traces of alveoli have been thus rendered visible, I 
suspect the dentition to have been acrodont, as in some existing 
Batrachia. 

No external surface of the mandible remains, but there are no im- 
pressions of sculpture on the matrix. A little external face of the pre- 
maxillary displays none. 

Preserved length of ramus (imperfect), 11 lines; depth at last tooth, 
2 ; length of exposed tooth, 1.7 ; do. of dentary, 7.5 ; depth at coronoid, 
3.5 ; do. at first tooth, 1.3. 

In the mandibular ramus of the Hylerpeton Dawsonii there are, accord- 
ing to Prof. Owen, at least nine teeth ; in the present species there are 
but seven. Prof. Owen's plate indicates a ramus whose depth at the last 
tooth enters eight and a half times the total length. In our species this 
depth enters about five times. 

This species is dedicated to Prof. John S. Newberry, the able director 
of the Geological Survey of Ohio, and discoverer of most of the Batrachia 
herein described. 

Pelton, Wyman. 

Proceed. Acad. Nat. Sci., Phila., 1868, p. 211 ; Trans. American Philos. Soc, 1869, 9. 
Raniceps, Wyman ; Amer. Jour. Sci. and Arts, 1858, p. 158 ; not of Cuvier (Pediculati). 

Three genera are here indicated as pertaining to a lacertiform type of 
Stegocephali. In one of these there are abdominal chevrons and no 
thoracic shields (Sauropleura); in another (Tuditanus) no abdominal 
chevrons and thoracic shields present. These genera are doubtless well 
defined, but one or the other of them may be identical with Pelion. The 
only specimen of the only species of the latter exhibits an inferior view 
of a portion of the skeleton ; and the obverse, on which the thoracic and 
abdominal armor could have been preserved, has not come under my ob- 
servation. The specimen, however, does not exhibit any ribs, although 
the vertebrae are well preserved ; in the two genera above mentioned, 
well-developed ribs are presented. 
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As observed by Prof. Wyman, the genus presents some points of simi- 
larity to the Anura. The prolongation of the angles of the mandible is 
of this character, as well as the general form of the head. The bones of 
the fore-arm may be united as in frogs, and the length and curvature of 
the femur are seen among these animals rather than the Salamanders. 
The form of the femur is different from that of Amphibamus grandiceps, 
Cope, which also differs in the unossified condition of the vertebrae and 
presence of dermal scales. 



Pelion Lyellii, Wyman. 

Raniceps Lyelli, Wyman, 1. c. 

The form of the head of this Batrachian is not unlike that of a frog or 
toad ; it is as broad as long, and contracted forwards. The angles of the 
mandibles project considerably behind the posterior margin of the cra- 
nium, or that of the exoccipitals and parasphenoid ; they present an in- 
terior expansion. The base of the cranium behind has the form seen in 
the frog, and is probably composed of the transverse processes of the 
parasphenoid and the pterygoid. The latter evidently diverge towards 
the maxillaries, in order to inclose large and posteriorly extending or- 
bits. The mandibular rami are slender and curved, and in contrast 
with those of Tuditanus punctulatus and others. No palatine or vomerine 
teeth penetrate the carbonaceous layer that covers the under side of the 
cranium. 

The vertebras have the centra as broad as long, and medially some- 
what contracted ; diapophyses are not defined. Across the fifth vertebra 
a raised line extends, which may be the border of a scapula or other 
plate ; across the ninth rests the head of the left humerus. The centra 
are more or less defined to the thirteenth, when they disappear; beyond 
this point there are indications of the continuation of the column, but 
so interrupted as to induce the belief that the centra are not ossified. 
The hind limbs are represented by the right femur and tibia. 

The fore limbs are stout, and the humeri rather elongate. The latter 
are thickened proximally, and flattened and dilated distally. It is not 
absolutely certain, but highly probable, that the ulna and radius are 
proximally united, as in the Anura. The fore-arm of the left side is 
narrowed proximally, and expanded and notched distally; from the 
notch a groove extends to the proximal end of the distal two-thirds of 
the length. That of the right side is more expanded proximally, as 
though a flat view of the portion seen, perhaps on edge, on the left side. 
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The bone also expands distally, and is divided by a groove. The oppo- 
site halves of the respective ends are not continuous, and the bone is 
not much contracted medially, but probably broken. I do not think 
that the ulna and radius cross each other continuously (as represented 
in Prof. Wyman's figure at the page above quoted), although this is the 
only explanation of their position in the fossil, in case there are two 
elements. The other alternative is that they are confluent, in my opin- 
ion the more probable hypothesis. 

The left hand exhibits four digits, of which the third from the inner 
is the longest. The number of the phalanges is 2, 3, 4?; the last of the 
third digit inferential ; the fourth digit is imperfect. The carpus is not 
osseous. The ungueal phalanx of the first digit is narrow, of the second 
enlarged at the end (perhaps a side view). The femur is longer than 
the humerus, and slightly curved, the shaft presenting an angle along 
its inferior aspect, the distal end a little expanded and truncate. The 
lower leg is represented by but one bone, which is elongate, with sub- 
cylindric shaft and expanded truncate proximal end. There is no hind 
foot preserved. 

Length of cranium (median), 0025 m. ; do. do. oblique from angular 
bone, .033 ; greatest width of cranium, .033 ; length of five anterior ver- 
tebrae, .012; do. of humerus, .018; do. of fore-arm, .0113; do. of digit 
No. 1, .0120; do. of digit No. 2, .0145; do. of digit No. 3, .0195; do. of 
vertebral column preserved, .045 ; do. of femur, .023 ; width of vertebral 
centrum, .0025 ; do. of end of humerus, .0065; do. of end of femur, .0077. 

The specimen described is the typical and only one known. Besides 
generic characters, the present species differs from the AmpMbamus gran- 
diceps, Cope, in the relatively larger limbs, and especially relatively 
longer hind limbs. 



Tuditanus, Cope. 

Proceedings American Philosophical Society, 1871, 177. 

Cranium broad, flat, orbits anterior, bones more or less sculptured. 
Teeth on premaxillary and maxillary bones of nearly equal sizes. Three 
pectoral shields sculptured externally. Form lizard-like ; two pairs of 
limbs of medium proportions. 

This genus is established on two species, of which the collection con- 
tains nearly entire specimens. In these no chevron abdominal rods or 
scales can be discovered, and it is not probable that they exist. The pres- 
ence of the pectoral shield distinguishes this genus from Dendrerpeton, 
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Owen, while the thoracic plates and lack of ventral scuta separate it 
from Sauropleura. The plates may, however, be found in the latter; 
should the scuta be found in Tuditanm, which is not probable, these genera 
must be united. I associate with the T. punctulatus and T. brevirostris 
three other species, known only from crania, a reference to be finally 
criticized when more is known of them. They are all evidently allied. 
The largest is T. radiatus, named from elevated radiating ridges of the 
cranial sculpture; T. mordax has a strongly sculptured cranium, and 
large premaxillary teeth, while in T. obtusus the orbits are less anterior, 
and the teeth small. I formerly described it as a Dendrerpeton. 

TUDITANUS PUNCTULATUS, Cope. 
Transactions American Philosophical Society, April, 1874. 

This Amphibian is known from a single individual well preserved on 
the opposite halves of a block of slate. The head, fore limbs, and 
twenty- three consecutive vertebrae, with ribs, are well defined, but of 
pelvis and hind limbs nothing is visible. 

The cranium is less expanded posteriorly than in the other species re- 
ferred to the genus, and has a triangular outline, with narrowed but ob- 
tuse muzzle. If I do not mistake the outline of the left orbit, it is near 
the transverse line which divides the head equally. The surface of a 
considerable portion is preserved, and is sculptured by small pits placed 
closely, the intervals in a very few parts assuming the form of ridges. 
The sculpture is thus more minute than in any other species. The 
under jaw of the right side is partially preserved, and displays longi- 
tudinal grooves. The ramus is stout and straight, and approaches the 
form seen in Brachydectes Newberryi. Its teeth are not preserved, but the 
extremities of the opposing maxillaries remain. They are small and 
acutely conic ; both they and the ramus are much less robust than in the 
above mentioned species, and the enamel preserved is smooth. 

The three pectoral shields are preserved, and as the exposed surface is 
the interior, it is smooth. The laterals resemble imperfectly spherical 
triangles. The outer margin is thin and convex, and the anterior angle 
curves round the apex of the median shield and joins that of the oppo- 
site side, forming a coarse interlocking suture. The median scuta is 
formed like some of the patterns of ancient mirrors. It is a wide oval 
excavated on each side behind, and produced from between these concavi- 
ties into a long, flat, sternum-like process. The latter thus resembles 
the xiphisternal production of frogs and of some lizards : as in the former 
the ribs, having no haemal elements, have no connection with it. Its 
extremity is simple and obtuse. 
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The humerus originates at the outer posterior angle of the lateral 
thoracic scutum. It is relatively as large as that of a frog, is contracted 
medially, and much expanded distally. It is followed at a short interval 
by a shorter ulna, which is also expanded at the ends and contracted at 
the middle. Then succeed numerous well-developed phalanges, which 
are so scattered as to render it impossible to ascertain the number that 
compose the digits, and how many of the latter existed. 

The vertebras are osseous and with slightly concave extremities on a 
lateral view; they are subquadrate in outline; their spines are not dis- 
tinguishable. There are twenty-two to twenty-three pairs of osseous 
ribs, which are slender, rather short, and strongly curved backwards. 

Length of specimen as preserved, 0.097 m. ; do. of head, .024 ; width 
of head posteriorly, .020; depth of ramus mandibuli, .004; eight apices 
of teeth cover, .005 ; length of twenty-three vertebrae, .062 ; length of me- 
dian pectoral scuta, 0.010; width do.,. COS ; width of the three scuta, .010; 
length of process of median scuta, .005; length of humerus, .009; width do., 
.004; length of ulna, .006; width do., .002; length of phalanx, .003; ex- 
panse of longest ribs, .015 ; length of a long rib, .009. 

Besides the generic characters already pointed out, this species differs 
from the Tuditanus longipes, to which it has some resemblance, in the 
much shorter fore limbs and shorter vertebral column in the anterior 
region of the body. 

Tuditanus brevirostris, Cope. 

Transactions American Philosophical Society, April, 1874. 

Represented by two individuals, and probably by part of a third. 
Those with the cranium show that this part is large in comparison with 
the size of the body, and is as wide as long, with broadly rounded muz- 
zle. The orbits are large, and situated for the greater part in front of a 
line marking the anterior third of the length of the head. The bones 
of the head are coarsely sculptured with radiating ridges and with some 
tubercles posteriorly; the supratemporal exhibits radii which extend 
outwards. The teeth are in two rows on that part of the maxillary arch 
anterior to the orbits ; they are of equal sizes ; the outer row appears to 
be directed more obliquely outwards than the inner. The former num- 
ber five in .002 m. The thoracic shields are rather large, and have coarse 
radiating ridges. 

"Vertebral centra and arches are not well distinguished in two individ- 
uals, but, instead, an axial mass, which may represent chorda dorsalis. 
In one, three diapophyses are distinctly developed at the sacral region. 
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In a third individual, without head or thoracic region, but in which the 
ribs and hind limb are similar, as well as the general proportions, the 
vertebras are distinctly ossified, but its reference to this species is uncer- 
tain. 

Remains of both fore and hind limbs are preserved. They are rather 
stout, not large, and with short phalanges. The number of these is not 
distinguishable. 

Length of femur No. 1, 0.060 m. ; length of tibia and fibula No. 1, .050; 
length of anterior phalanx No. 1, obverse, .0285 ; length of femur No. 2, 
.060; length of tibia and fibula No. 2, .070; length of femur No. 3, .052; 
length of posterior phalanx, .026. 

The deficiency of length of the tibia in No. 1 is probably due to im- 
perfection of the specimen. There are bones of the fore limb in No. 2 
which are not determinable. The ribs are rather long and little curved. 
The caudal extremity is not complete, but was evidently well developed. 

Length from head to femur, 0.0356 m. ; length of head, .0154 ; width do. 
behind, .0175 ; width do. interorbital, .0042 ; length of orbit, .0040. 

TlJDITANUS RADIATUS, Cope. 
Transactions American Philosophical Society, April, 1874. 

Represented by crania of several individuals, one of which is nearly 
perfect, and is selected for description ; others are more or less complete, 
and present the prominent peculiarities of the species. 

The marked character of this form is seen in the very anterior position 
of the orbits and contraction of the muzzle. The orbits are large and 
separated by a little more than their own diameter ; their posterior bor- 
der is in front of a line measuring the anterior third of the length to the 
supraoccipital crest, and nearly at the line marking the fourth of the 
length to the quadrate region. The posterior outline of the skull is 
deeply concave, the quadrate angle projecting beyond the occipital con- 
dyles, which are themselves quite prominent. The osseous segments 
composing the cranium are from the orbital region posteriorly, three 
median and four lateral on each side. The supraoccipital is rather 
small, and is broader than long. Its posterior border is straight, as are 
the short lateral margins. The anterior suture presents an obtuse angle 
forwards. A large rhombic plate occupies the parietal region, which is 
probably divided longitudinally by a suture, and represents the parietal 
bones. It extends, narrowing, nearly to the orbits, where the middle line 
is occupied by the much smaller frontal. The suture between the two 
is obscure, but seems to form an emargination of the parietals. There 
is a subtriangular postfrontal which expands posteriorly, and is sue- 
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ceeded by a supratemporal which narrows and becomes acute posteriorly, 
being wedged between the parietal and what may be an anterior produc- 
tion of the plate representing the epiotie. A very large jugal plate ex- 
tends from the orbits two-thirds the distance to the extremity of the 
quadrate, the remaining third being covered by a quadrato-jugal. After 
the jugal, the epiotie is the largest of the cranial shields or bones, and 
sends a prolongation forward between the parietal and supratemporal, 
as well as on the outer side of the latter. The accompanying cut ex- 
plains the relations of these bones. 

There is no trace of mucous canals. The sculpture consists of strong 
ridges radiating and inosculating. Radiation is more uninterrupted on 
both jugal, supratemporal, and anterior part of epiotie; in the first they 
originate in front of the middle exteriorly ; on the supratemporal near 
the anterior part. The inosculation is honeycomb-like on the parietal, 
supraoccipital, and posterior parts of epiotie. 

Length to middle of supraoccipital, .055 m. ; do. to angle of quadrate, 
.0711; width at do. do., .069; do. at orbits (approximate), .031; interor- 
bital width, .0085. (See pi. 27, fig. 1.) 

No teeth are preserved with this cranium. The second specimen ex- 
hibits nothing more distinctly than the one described. 

Fig. 10. 




TUD1TAMUB BAMATUS, COPE (CRANIUM BEST08ED). 

Ttjditanus mordax, Cope (species nova). 

Represented by a partially complete cranium and some other frag- 
ments. 
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The muzzle is broadly rounded, as in T, obtusa, and the premaxillary 
teeth are relatively much larger. The bones are "sculptured with deli- 
cate, acute, radiating, and inosculating ridges. The maxillary bone is 
preserved for the length of one inch ; its teeth are smaller than those of 
the premaxillary bone ; I count four in a line, which have a simple 
conic crown. The external surface of the maxillary is not very strongly 
sculptured. The orbits and nares are not well defined in the specimen. 



Fig. 11. 



TlTDITANUS OBTUSUS, Cope. 

Proceed. Acad. Nat. Sciences, Philad., 1868, 213; Transac. American Philos. Soc, 
XIV., p. 12. 

This species is known by two partially preserved crania. The supe- 
rior surface is exposed, the outlines of the jaws and orbits are well pre- 
served, with the occipital condyles. 
The os quadratum is directed ob- 
liquely backwards, and the angle of 
the mandible extends to a line a lit- 
tle behind that of the occipital con- 
dyles. The zygomatic arch exists in 
a position similar to that in which it 
may be seen in a few genera of Anura, 
as Diseoglossus and Peldbates. It ex- 
tends downwards and forwards from 
the suprasquamosal to the maxillary 
region, but whether it is homologi- 
cally squamosal or malar the speci- 
men does not show. The postorbital 
is present as well, and with the last, 
and the supratemporal, forms the 
bony roof of the temporal fossa. A piece which may be the pre and post- 
frontals combined, borders the inner superior margin of the orbit; it 
widens posteriorly, where it has contact with the parietal, etc., and nar- 
rows in front. Supraoccipitals form together a broad triangle on the 
upper plane of the cranium, of less extent than the adjoining supratem- 
poral. These elements are pitted, and towards their margins radiate 
grooved. 

The general form of skull is elongate behind, and much shortened in 
front of the orbits. The orbits are thus in front of a line equally divid- 
ing the cranium transversely, while in the Dendrerpeton acadianum they 
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are in the middle of the skull. The outline of the muzzle in our species 
is then broad, rounded, as in the Menopoma Allegheniense, while in the lat- 
ter it is ovate and produced. It therefore resembles also in its propor 
tions the genus Herpetocephalus, Huxl., from the Irish Coal Measures. 

The parietal bones extend to opposite the posterior margins of the or- 
bits, are then gradually contracted, and form an acuminate prolongation 
on each side the wedge-shaped frontals. The prefrontals are thickened 
on each side the front, behind the external nares. The sutures defining 
the frontals anteriorly, the nasals and the premaxillaries behind can not 
be made out. The median longitudinal suture is a marked and zigzag 
one, and can be seen as far posteriorly as the anterior margin of the or- 
bits. The external nostrils are large, and opposite the inner margin of 
the orbit on each side. This separation of the nares is associated with a 
greater transverse extent of premaxillaries than in some of the species. 
These have been set with numerous teeth, judging by their small im- 
pressions ; no larger ones have left traces, and no traces of any on the 
maxillaries. 

A fragment of mandible remains, but without teeth or external sur- 
face. It shows a large internal (dental) canal. 

Total length of cranium, 25.5 lines; with do. 3 lines behind orbits, 
24.0; do. do. between orbits, 7.5 ; do. do. between nares, 5.0; do. do. beween 
occipital condyles, 2.2; do of supraoccipital bone, 6.0; do. of right parie- 
tal, 6.0; extent of premaxillaries, 8.7; length of orbit, 6.0. 

This species differs from the Tuditanus radiatus in the larger and more 
posteriorly placed orbits. 



Tuditanus Huxleyi, Cope. 

Transactions American Philosophical Society, April, 1874. 

Represented by a considerable portion of the face and muzzle of a 
single individual. A portion of the left mandible, supporting three 
teeth, remains in place, and almost the entire boundary of the right orbit 
is preserved. 

The fragment indicates a much larger species than any other referred 
to the genus, and, next to the Leptophractus obsoletus, the largest of the 
Batrachians of the Ohio Coal Measures. Without more complete remains, 
it is not easy to determine its generic relations finally. 

The form of the head is probably elongate, and the muzzle neither 
very obtuse nor elongate. The orbit is rather small, and near the mid- 
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die of the length of the specimen, which is, however, incomplete at both 
ends. The sculpture of the surface of the head posterior to the orbits, as 
well as round their borders and for some distance in front of them, con- 
sists of a rather coarse pitting. On the middle line, between the orbits 
and on the muzzle, the intervals become narrower, and are confluent into 
transverse ridges or a delicate reticulation. The surface of the mandi- 
ble displays a coarse reticulation. 

The teeth are stoutly conic, and with delicately striate grooved 
cementum. They are slightly recurved. 

This species differs from the T. radiatus and T. obtusus in the absence 
of the arese into which the sculpture is thrown. 

Longitudinal diameter of orbit, 019 m. ; length of alveolar border 
supporting three teeth, .013; diameter of basis of tooth, .003; eight pits 
in, .010. 

Dedicated to Prof. T. H. Huxley, facile princeps among English system- 
atists, and an important contributor to the knowledge of the extinct 
Batrachia. 



TUDITANUS LONGIPES, Cope. 

Sauropleura longipes, Cope; Transactions Amer. Philos. Soc, 1874. (Separata, p. 10.) 

The structure of the cranium in this species is quite unknown, the 
part preserved being too much injured to furnish characters. The only 
genus with which it can be compared in the structure of the skeleton 
remaining is Tuditanus, and it is possible that some of the characters of 
the latter, in which the present species is deficient, may yet be observed 
in it. The type, however, T. brevirostris, has thoracic shields and very 
weak limbs, so that they are well distinguished. As to crania, the only 
one of Tuditanus which could, by reason of size, belong to T. longipes, 
is T. mordax, the T. radiatus and T. obtusus being too large. 

The vertebrae are not elongate, and the ribs are quite well developed. 
The neural spines of the dorsal vertebrae are vertical laminae, subquad- 
rate in outline. The tail is elongate, being proportioned much as in 
lizards of typical forms. Of scapular arch I can find nothing, but the 
iliac bones are preserved. They are short, flat rods, slightly narrowing 
towards the base, which is a transverse expansion, with the distal margin 
presenting two faces separated by an angle. The limbs are well devel- 
oped, the ulna and radius separate. 

The general form is slender, and the limbs, especially the anterior, are 
elongate ; the general form is more Lacertilian than Batrachian. The 
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abdominal armature of slender rods, in chevrons with anterior angle, 
shows that it belongs to the usual type of the Coal Measures. 

Body long, slender, with long neck and long tail. Ribs nineteen or 
twenty-one, moderately curved, the anterior stouter and with widened 
extremities, the posterior more slender and drawn out to a fine point. 
Dorsal vertebrae one and a half times as long as wide, with well-developed 
neural spines. These are rather narrower than high, the height about 
equaling the length of the centrum. They are rugose, with small tuber- 
cles, which are sometimes confluent into ridges. 

The humerus is longer than the ulna and radius, which are of equal 
lengths— that is, about as long as four dorsal vertebra. The ulna and 
radius are not widely separated, and expand at the carpal region. The 
humerus is rather more slender, and is distally expanded. The digits 
are not all preserved. One metacarpal is seen at an interval beyond the 
fore-arm, and a series of phalanges extends beyond the metacarpal. The 
latter is about half as long as the fore-arm, and a little longer than the 
first phalanx, which is, like the former, very slender. Parts of two or 
three phalanges of perhaps other digits appear alongside, as though 
turned backwards. The femur is about as long as the humerus, equal- 
ing six and three-quarter posterior dorsal vertebras. Proximally it is 
enlarged gradually, and terminatrs regularly, so far as can be seen, as it 
is partially concealed beneath the distal extremity of the ilium. 

Length of vertebral column between pelvis and humerus, 0.070 m. ; 
length in front of humerus, .0235; length of caudal series preserved^ 
.070; length of humerus, about .0185; length of ulna and radius, .012; 
length of part of fore limb in line, .0455; length of ilium, .007; length 
of femur, .020; number of chevron rods in .004, seven. 

A single specimen of this Batrachian was obtained by Prof. Newberry 
at Linton. It is in a good state of preservation. 



Leptophractus, Cope. 

Proceedings Acad. Nat. Sci., Philad., 1873, p. 340. 

Established on various portions of the cranium of a large Batrachian 
allied to the Labyrinthodontia. The only parts which can with cer- 
tainty be referred to it are the jaws of three specimens which include only 
the anterior parts. These bear large teeth, round in section at the base, 
but with compressed acute apex, with a cutting edge on the anterior 
face, the enamel delicately grooved, as external indication of the laby- 
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rinthic structure. A characteristic feature is seen in the presence of a 
large elongate tooth in the upper jaw, in the position of a canine, which 
much exceeds in length any of the others. The sculpture of the cranium 
is little marked in the known species. In the type the lower jaw is 
marked with inosculating grooves. Two species are known, which are 
the largest of the Linton fauna. 



Leptophractus obsoletus, Cope. 

Proceedings Acad Nat. Science, Philadelphia, 3873, p. 341. 

The teeth are rather distantly grooved for some distance above the 
base. They are of different sizes ; the smaller are compressed, and with 
fore and aft cutting edges. 

The external surface of the dentary bone is marked with short oblique 
grooves along its middle region ; above these are grooves which inoscu- 
late, forming a figure like an opsn net dragged in the long direction. 
Excepting the grooves, the teeth are smooth. The smaller ones are close 
together, and their crowns are curved backwards; the larger ones are at 
more remote intervals; both have enlarged bases. Whether both forms 
are in the same series I can not determine. There are from four to five 
of the smaller in an inch. 

Depth of fragment of jaw (margin wanting), .075 m. ; length of smaller 
teeth, .019 ; length of longer do., .023; width of vertex at middle scuta, 
.176 ; width of paired median scuta, .056; width of single do., .036 ; length 
of single do., .048. 

Some vertebra? were found at the same locality, but there is no evi- 
dence as to the species to which they may have pertained. They are 
short, concave on one end, and probably so on the other. The centrum 
of one is .012 m. in diameter; neural arches injured. (PI. 39, fig. 3.) 

A third and larger specimen was found by Prof. Newberry during the 
field season of 1874. It includes an oblique view of one side, and the 
top of the cranium from the posterior part of the orbits to the end of the 
muzzle, with the corresponding part of the alveolar region of the dentary 
bone, with teeth. The bones of the skull appear to have been rather 
light, and though the surface s irregular, the sculpture consists only of 
shallow impressions of varying size and intervals. The orbits are also 
badly defined, but appear to have been large, and separated by a narrow 
frontal bone. The premaxillary bone is preserved, and shows clearly 
the sutures that separate it from its fellow and from the maxillary. A 
large foramen— perhaps the nostril— separates it from the maxillary, so 



EXTINCT BATRACHIA. 401 

that it forms an irregular crescent. It supports two teeth, of which the 
anterior is the larger, but there were, perhaps, others in advance, as the 
alveolar border is imperfect towards the end of the muzzle. The ante- 
rior two teeth of the maxillary bone are followed by a strong groove 
which rises towards the side of the muzzle. At first sight this gives the 
impression of the maxillo-premaxillary suture, and makes it appear 
that both premaxillary bones are preserved, and that the foramen above 
described separates the premaxillary spines, instead of representing the 
external nostril. The cutting edges of the teeth of these bones have, 
however, one direction, whence they represent one side of the cranium 
only ; were both sides represented, the directions of the tooth axes would 
be reversed. 

The premaxillary and maxillary teeth exhibit a cutting edge on the 
outer posterior margin of the distal half; the base of the crown is sub- 
round in section. The line-like grooves are distinct but not numerous, 
their intervals measuring .75 mm. Beyond them the enamel is smooth. 
The second maxillary tooth is larger than the first, which is equal to the 
last premaxillary. The third and fourth maxillaries are equal to the 
second, but the fifth is larger and longer, exceeding all the others. The 
teeth of the dentary bone differ from those of the upper jaw in having 
the cutting edge of the crown on the anterior aspect, while the posterior 
border is obtuse. There is an obtuse cutting edge on the posterior mar- 
gin of the anterior mandibular teeth. 

This description is derived from an adult animal, as the maxillary 
teeth in some instances are partially worn away by friction on their an- 
terior and outer faces. 

Length of maxillary bone preserved, .146 m. ; length of do. supporting 
five teeth, .073 ; length of first maxillary tooth, .015 ; diameter of do. at 
base, .006; do. of second at base, .008; do. of fifth at base, .010; length 
of basis of fifteen teeth of dentary, .145; length of ninth tooth, .020; 
diameter at base of do., .008. 

The Leptophractus was about as large as an adult alligator, and ex- 
ceeded in size any of the other species here described. 



EUBYTHORAX, Cope. 

Established on a large thoracic shield of peculiar form. It is a median, 

and exhibits on its outer or lateral borders broad, smooth surfaces for 

the contact of the overlapping margins of the lateral plates. The form 

is subround, with a large excavation from the posterior margin on each. 

26 



402 



PALEONTOLOGY OF OHIO. 



side. The narrowed portion left in the middle behind has a convex 
outline. Sculpture none. The form resembles remotely the correspond- 
ing scute of Tuditanus punctulatus, the posterior narrow face representing 
the xiphisternal process of that species. 



ElTRYTHORAX STJBLJ3VIS, Cope. 
Proceedings of American Philosophical Society, 1871, 177. 

The specific characters expressed by this shield are best perceived in 
the measurements. 

Length, .0715 m. ; greatest width (imperfect), .078 ; width of lateral 
concavity, .039 ; Some delicate radiating grooves are seen on the ex- 
posed surface, but they are very shallow. They are not visible on the 
faces of contact. 

This represents one of the largest species of this fauna, having per- 
tained to an animal of probably four feet in length, perhaps longer. It 
will be desirable in future to compare it with the corresponding part of 
the Tuditanus Huxleyi, though the latter, so far as known, is the smaller 
;sj>ecies. 

Satjropleura, Cope. 

Proceed. Acad. Philad., 1868, p. 215 ; Transac. Amer. Philos. Soc, 1869, p. 15. 

Vertebrae and ribs well developed ; limbs four, rather large, five digits 
in the fore foot; carpus cartilaginous. Ventral armature of closely 
arranged rhomboidal scuta, arranged in lines, which are closely placed 
in chevrons, with the angle anterior. 

In neither of the species of this genus have the usual three thoracic 
shields been observed. The abdominal scuta, on the other hand, are much 
like those of Colosteus, but are very much thinner.* So far as known, 
there is considerable resemblance between these genera, but the osseous 
vertebral column and ribs of Sauropleura are unknown in Colosteus. The 
long ribs and strong limbs of this genus are proportioned much as in 
true lizards. 

The cranium referred to the S. Newberryi partakes of the characters of 
the abdominal scutella in its light construction. The teeth are of the 
Labyrinthodont type, with deeply inflected enamel and acute apex. 

• When I state (Transac. Acad. Philos. Soc, 1869, p. 16) that Sauropleura lacks the 
ventral armature, thoracic armature is intended. 
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Saubopletjra digitata, Cope. 

Proceed. Acad. Nat. Sci., Philad., 1868, p. 216 ; Transac. Amer. Philos. Soc, XIV., p. 15. 

This species is represented by but one individual, which has been 
spread over a surface of the coal slate, exhibiting ventral armature, dor- 
sal region with ribs, and anterior and posterior limbs. Of skull and cau- 
dal vertebrae nothing remains. 

The dermal bands are arranged as in Oestocephalus, i. e., in parallel 
lines directed obliquely forwards and continuous on the median line, 
forming there a chevron. The component scuta are oat-shaped, and 
acuminate at both ends. They are moderately imbricate in an antero- 
posterior section. On the pectoral region between the fore limbs the 
series of scutella assume different directions, forming chevrons directed 
backwards, and forming with those of the belly a complex X. 

The humerus, ulna, and radius are rather stout, and of a size relative 
to the body, as in common types of existing sauria; the ulna and radius 
separate. There is no carpus, but five well -developed digits have pha- 
langes in the following numbers, commencing on the inside : 3, 4, 5, 6, 5. 
The last phalanx of the second is obscured, and it is not positive that 
the number is as given ; it is more probable than that it should have 
been 3. The outer toe has been more slender than the others ; the distal 
phalanges of all the toes are short conic, as in Salamanders. Thus this 
form differs from Amphihamus, where the numbers are 3, 3, 4, 5, 4, show- 
ing a lower development of limbs. 

The ribs are long and curved as in reptiles, and judging by their dis- 
tances the vertebrae are short ; the latter are not well defined, but there 
is no indication of prominent spines of any kind. 

The pelvic bones and portions of those of the hind limbs are present, 
but so obscured and confused as not to be made out. Enough remains to 
show that the hind limbs are considerably longer than the anterior. 

This species had a length of body about equal to that of a fully grown 
Chamasleo vulgaris of the largest size, or of a half-grown Menopoma. 
Thirteen ribs on one and several on the other side are preserved ; where 
they terminate, probably at the pelvic region, some small or rudimental 
ribs project from the two or three first caudals. Three ribs and their 
interspaces extend over five lines. The humerus is broken, but its 
length can be clearly made out to be seven lines ; it has no condyle, and 
is dilated at both extremities. The ulna and radius are distinct, trun- 
cate, hollow, and dilated at the ends. Length of ulna, 5.1 lines; distal 
width, 1.8 lines. The fourth toe is considerably longer than the others ; 
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the fifth is next, and reaches the basal third of the antepenult phalanx 
of the fourth ; the third is very little shorter ; the first is not quite so 
long as the first two of the third. The bones of the hind limb are not 
readily distinguished. They are evidently much longer and larger than 
the anterior. No part of a foot is preserved. 

Sauropleura Newberryt, Cope. 

The type specimen of this species exhibits a portion of the back of 
the skull, and a considerable part of the course of the body, with abdom- 
inal scuta and fore limbs. No vertebrae can be definitely discovered, nor 
are ribs visible. The cranial fragment is the upper surface of the epiotic 
and adjacent elements, and a broad band of the posterior parts of these 
is seen to be smooth, and is preceded by a slightly roughened surface. 
The abdominal scuta are rhombic or diamond-shaped, and are thin and 
light, not massive, as in the 0. scutellatw, and are sometimes marked with 
a median longitudinal keel ; one extremity is quite prolonged. The fore 
limb is large, especially the humerus, which is much dilated distally, 
and has a strong crest on the outer side from near the proximal end. 
The ulna and radius are much shorter, and more dilated proximally 
than distally; they are well separated. No phalanges are preserved. 

Length of humerus, .035 m. ; proximal width of do., .008 ; distal width 
of do., .014; length of ulna, .019; proximal width of do., .008. 

A second specimen displays similar abdominal scutella. The posterior 
part of the skull is exhibited in profile. The mandible is deep behind 
and sculptured with longitudinal grooves, which, when interrupted, 
become pits. The teeth are straight, acute, and grooved at the base. It 
is, of course', not absolutely certain that this specimen represents the 
species O. Newberryi, but it is evidently nearly allied to it. 

A third specimen consists of a cranium whose bones remain on oppo- 
site halves of a block, so that their external surface is not visible. It 
must, however, be smooth or but little sculptured, otherwise some im- 
press would be visible through the bones. These are thin and light, and 
display their outlines more clearly than usual. The four protruberant 
angles mark the posterior border of the skull, the external or quadrate 
being the most prominent, and separated by a deep notch from the me- 
dian pair, which are separated by a concavity only. The quadrate is 
covered by an oval bone, probably squamosal ; the bones which project 
into the median angles are externally epiotic and internally exoccipital. 
The quadrato-jugal arch is well marked, forming, with the maxillaries, 
the straight boundaries of a wedge-shaped head. The muzzle is lost, but 
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the maxillaries do not exhibit any curvature, and the snout was doubt- 
less acuminate. The orbits are long and narrowed in front. The teeth 
are like those described in the last specimen, rather long, straight, acute, 
and striate at the base. A section shows the enamel to be deeply in- 
flected. The only inequality in their length is the slightly diminished 
size posteriorly. 

This is one of the larger species of the Linton beds. In none of the 
specimens are the thoracic scuta preserved. 

Width behind, .067 m. ; width between epiotics, .033 ; width at anterior 
angle of orbits, .040; width of interorbital region, .013; length from epi- 
otic to orbit, .025 ; length of orbit, .027 ; width of orbit, .013 ; length of 
a maxillary tooth, .004; diameter of do. at base, .002. 



Colosteus, Cope. 

Trans. Amer. Philos. Soc, 1869, p. 22. 

This genus was proposed for Ganocephala, allied to Archegosawus, but 
differing as follows : 

There are no traces of vertebral centra or spines, or of ribs, in portions 
of six individuals preserved. No sclerotic bones can be found in one 
cranium partially preserved. There appear to be two pairs of very 
short limbs. The usual three sculptured pectoral bones are present, con- 
sisting of a rhombic medial, and a pair of half rhomboid laterals. The 
abdominal region is protected by a series of scales which extend 
obliquely forwards to the medial line, where they meet, forming chev- 
rons. They are closely approximated, and are composed of rhomboidal 
scales which have a convex external and internal face, in transverse 
section, and which overlap at the extremities, and are in contact by faces 
which are oblique in both the longitudinal and transverse directions. 

The exact form of the muzzle can not be made out. It is, however, not 
elongate, nor yet of the broad rounded form of Pelion. Several teeth are 
preserved. There are two kinds, which occupy the margins of the max- 
illary and dentary bones. The anterior teeth appear to be longer than 
the posterior, though the latter are mostly broken off. Most of the teeth 
are coarsely incised sulcate for perhaps their basal half. Two long teeth 
behind the distal extremity of the dentary are, on the other hand, very 
finely and sharply striate for their basal half; the tip is sub-cylindric, 
and very prolonged and acute. A small, dagger-shaped tooth near the 
base of one of the posterior may belong to the successional, or to a small 
outer series. A series of four elevated tooth bases, with a broken crown, 
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of much smaller size than those of the jaws, belongs to the vomerine or 
a palatine series. The row is single and uniform. 

The superior face of the cranium is injured, but the component bones 
appear to have possessed a radiating sculpture of no great distinctness. 

The form of the body seems to have been long and fish-like, with little 
contraction near the limbs. Caudal extremity is not preserved. There 
are three metacarpals of the anterior limb preserved. A narrow longi- 
tudinal bone extends posteriorly from the lateral pectoral bone. Its ex- 
tremity is broken, but a flat, narrow, longitudinal bone, with a dilated 
extremity curved outwards, may belong to it, or be the humerus. I find 
no distinct traces of branchial arches. 

The affinities are thus obviously to Sauropleura, and it is not beyond 
possibility that future investigations may prove it is the same, though 
this is not probable at present. 

Portions of seven individuals of one species, and of one each of two 
others, have been obtained by Dr. Newberry at the Linton locality. 
They may be distinguished as follows : 

Surface of the thoracic bones pitted, with numerous radiating grooves 
prolonged from elongate pits O.fovealus. 

Surface of bone with numerous deep grooves separated by sharp, ele- 
vated ridges, about twenty on a lateral shield C. seutellatus. 

Surface of bones with few shallow grooves, median with interrupted 
wrinkles, lateral with 10 to 12 low ridges , C. pauciradiatus. 



COLOSTETTS FOVEATUS, Cope. 
Loc. cit, p. 24. 

A very elegant sculptured median pectoral plate represents this Ba- 
trachian. It is larger than most of those of C. radiatus, but smaller 
than the one last described. The posterior and median parts of the 
plate are pitted to the number of six in five mm. The pits are sepa- 
rated by sharply defined ridges. They elongate towards the anterior 
parts of the plate, resembling elongate hexagons, and the ridges ap- 
proach radii, though not more elevated than the cross septa. The 
beveled margins are rugose also, except at the edges. 

Length of the bone, .045 m. ; greatest width, .025 ; width of posterior 
margin, .021. 

From Linton, Columbiana county, Ohio. Prof. J. S. Newberry, Coll. 
No. 20. 
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COLOSTEUS SCITTELLATUS, Newt). 

Cope ; Proceed. Amer. Philos. Soc, 1871, p. 41. 

Pygopterm scutellatus, Newberry ; Proc. Acad. Nat. Sci., Philada., 1856, p. 98. 

Colosteus crasskcutatus, Cope ; Transac. Amer. Philos. Soc, XIV., 23. 

One of the specimens of this speoies consists of a supero-lateral view of 
a crushed cranium and anterior part of the body. The median pectoral 
bone appears as a sagittiform plate, with thin edges, rounded lateral an- 
gles, and a thin median prolongation behind. The greater part of the 
borders of the right orbit are distinct, and display the continuity of the 
malar and supratemporal regions. The ramus mandibuli is longer than 
the cranium proper. The number of the teeth can not be determined, 
but they are rather large, and traces of their existence do not extend 
behind the orbits. The length of the long anterior mandibular tooth is 
.005 m., and the diameter at the base .001 m. Diamecer of base of a 
superior maxillary, .002 m. The approximate length of the mandibular 
ramus is .0715 m. ; longitudinal diameter of the orbit, .0072 m. ; length 
of median pectoral plate, .036 m. ; width of same, .019 m. 

The sculpture of the pectoral shield is strong, and extends to the 
edges ; the middle of the median plate is almost smooth. The lateral 
plates are nearly right-angled triangles, with the anterior angle much 
prolonged. 

Other specimens (Nos. 4 and 10, collection of J. S. Newberry) show 
that the abdominal scutellation commences immediately behind the 
pectoral bones. Those near the median line are similar to the external, 
and their junction forms a zigzag line. The depth of these scales is 
oblique, and is somewhat greater than the width. Thus one angle pro- 
jects, and gives the surface an angularly ribbed rather than continuous 
character. The following measurements express their dimensions rela- 
tive to other parts of the body : 

Width of median pectoral, 0.0138 m. ; width of three pectorals re- 
stored, .054 ; width of scale band of belly, .064 ; length of ulna and ra- 
dius, .0108; length of metacarpus, .006. Scales in .01 m., transverse 
measurement, 5.2 ; scales in .01 m., longitudinally on rows, 1.75. Radii 
of lateral pectoral crossing, .01 m., seven. 

The measurements express the small size and weakness of the fore- 
limb. Another specimen (No. 18), in which the impressions of the 
scales are of the same size as in the preceding specimen, the impres- 
sions of what may be femur, and ulna, and radius, are visible, which are 
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of considerably smaller size than the limb just mentioned. They are but 
doubtfully these elements. 

Length of proximal element, .004 m. ; length of two distal elements, 
.0038. 

COLOSTEUS PAUCIRADIATUS, Cope. 
Transactions American Philosophical Society, April, 1874. 

Established on median and lateral pectoral plates of perhaps two indi- 
viduals, the latter of which I formerly referred to the O. scutellatusV" -X% 
belonged to a larger specimen than either of the preceding, and is'dis- 
tinguished by the paucity and weakness of its ridges. These are !) "eri- 
tirely transverse on the posterior third of the length, but are interrupt- 
ed and irregular on the median portion; the anterior third is alni©yt 
smooth. '"• ■■'■ '■'-'■ 

The lateral shield is little larger than the largest of G. scutettaMtt, biit 
resembles the median plate in its low and distant carinse. An- ! a'rc 
drawn at about the middle of a radial line from the outer angle crdssfes 
about eleven of these ridges; in O. scutellatus twenty exist in the -same 
space. '' ; -'' i|r : 

The median plate is pyriform, with the posterior angle little prolonged, 
and the anterior not narrowed and rather short. The lateral shield is a 
right-angled triangle, the inner or thin edge concave posteriorly; the 
posterior convex. 

Length of median, 0.063 m. ; width of median, .040; width of lateral 
behind, .0242 ; length of lateral, .045. 
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APPENDIX 



Specimens of the .following genera and species accompanied the ma- 
terial described in the preceding pages, but are not included in the latter 
on account of their position being, in the writer's opinion, among the 
fishes. The interesting form Peplorhina is as yet but partially known. 



Peplobhina, Cope. 

Proceedings Acad. Nat. Sci., Philad., 1873, p. 343. 

One of the specimens of Peplorhina displays the lower side of the 
cranium, and on it two large jugular bones, one on each side, on the 
inner side of the mandible. They are elongate, the posterior border 
oblique, so as to present an apex on the inner side ; the inner edge is 
thin, the outer thickened; the surface smooth, with a very obscure longi. 
tudinal striation. Between their anterior extremities is a subround 
disciform bone in the position of the basi- or glossohyal. The mandibular 
rami extend round its anterior margin, and posteriorly nearly to the end 
of the jugular. The symphysis is a curious interdigitation of three 
fingers into as many notches, and the dentaries near them are marked 
with symmetrical pores, which look like the exits of mucous ducts. 
Three are on the superior and two on the inferior margin of the bone, 
and a sixth is immediately between the upper and lower inner ones. 
These pores correspond with the mucous ducts of the lateral line ob- 
served in the scales of the type. The teeth are numerously placed in a 
patch on the vomer, or at least the roof of the mouth, and are short, 
conic, acute, and smooth. They are discoverable as far backwards as the 
anterior end of the jugular plates. The large opercular bones are 
smooth, and the head is covered above with nearly smooth, thin scuta. 
The head is wide behind, and though contracted forwards, the muzzle is 
broadly obtuse. Irregular masses, perhaps remains of cartilage, follow 
the skull, in which a few ribs are scattered. 

The other specimen displays the smooth operculum, patch of vomerine 
teeth, and several separated scuta of the surface of the cranium. These 
have rounded angles, one or more convex sides, and very obscure radiat- 
ing ridges. The body is covered with imbricated scales with cycloid free 
margins, whose surface is marked with a tubercular sculpture. 
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The characters relied on as indicative of the reference of Peplorhina to 
the fishes are (1) the presence of opercula like those of Conchiopsis; (2) 
the presence of jugular bones; (3) of oval imbricated scales; and (4) the 
absence of ambulatory limbs. The thin scutiform cranial bones, the 
dense patch of vomerine teeth, and the mucous ducts of the bones and 
scales are all ichthyic characters. As no limbs have been discovered in 
three specimens preserved in the appropriate regions, their nature, if 
existing, can not be determined at present. 

Peplorhina anthracina, Cope. 

L. c, p. 343. Conchiopsis exanthematicus, Cope ; Loc. cit., p. 342. 

Represented by a cranium entirely preserved as to its outline, with 
adjacent portion of space for chorda dorsalis and osseous ribs. The head 
is covered with thin scuta, which are very faintly sculptured with a few 
raised lines. The gular shields are oval and sculptured with elevated 
points, producing a weakly rugose surface. The teeth above described 
are on this fish. There are six in 3 mm. 

Width at shields, .055 m.; width at middle muz«le, .030; length of 
head, .045. 

Scales large, well imbricated, covered with minute tubercles, which 
form a rugose sculpture; each one is .01 m. in elevation, and three enter 
.02 longitudinally. The gular scuta and opercula are smooth, except a 
band of shallow grooves round the margin. 

Length of gular scutum, .021 m. ; length of scute behind it, .014. 

CTENODUS, Agass. 

But one specimen representing this genus has been found at Linton, a 
remarkable circumstance when taken in connection with its abundance 
in other coal fields where fossil Batrachians occur. 

Ctenodus Ohiensis, Cope. 

Proceedings Acad. Nat. Sci., Philad., 1874, p. 91. 

The type consists of a mould of the scuta of the upper surface of the 
cranium. The top of the head is covered with angular plates or scuta 
arranged in the following manner on the region preserved : Two sym- 
metrical scuta occupy the median line, one in front of the other. One 
of these is a longish or coffin-shaped hexagonal, with the suture with 
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the other concave. The latter is more ovoid, hroad, and convex next the 
first mentioned, and somewhat more contracted at the opposite extrem- 
ity. Beyond this are two shields joining by a straight suture on the 
middle line. Besides this one, they have two concave sutures for scuta at 
the farther end, two concave lateral sutures, and a straight one to the 
adjoining median scutum, whose suture is also concave. On each side of 
this median plate is a large area, surrounded before, outwards, and be- 
hind by smaller scuta — three in front, two at the side, and two behind. 
Commencing with the first, No. 1 has been already described ; No. 2 is 
small, oval, and antero-posterior; No. 3 is an antero- posterior pentagon, 
with the narrowest side inwards ; No. 4 is a similar transverse pentagon ; 
No. 5 is an antero-posterior pentagon, which presents its shorter lateral 
facet inwards ; No. 6 has a similar character, but is smaller, and with 
more definite angles. Another series of scuta is seen outside of these at 
one end of the series. Three of this set bound the front and side of each 
of the median pair above mentioned, leaving a short facet next its fellow 
unaccounted for. 

The sculpture consists of radiating ridges and tubercles, which are 
most broken near the centers of the scuta. 

The pits and grooves of the cranium are obtuse and shallow, and the 
latter do not inosculate. An angular elevation commences at the mid- 
dle of each central area, and extends across the middle line at the point 
of junction of the paired and single median scuta. 

The specimen above described accompanied the jaws of the Leptophrac- 
tus obsoletus, and were so marked as to induce the belief that they were 
found together. It was, therefore, originally described in connection 
with that species, but was afterwards assigned to its present position. 
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DESCRIPTIONS OF FOSSIL PLANTS. 



The Coal Measures of Ohio are rich in fossil plants in all parts of the 
stratigraphical series, but the space alloted to this department of palaeon- 
tology in this volume admits of ttie publication of descriptions of only a 
part of the new forms which have been discovered. 

I have, therefore, limited myself to an interesting group of plants 
found together in a thin band of bituminous shale located a little above 
the base of the Coal Measures, near the western margin of the coal field, 
in Perry county, about two miles east of Rushville. This layer of shale 
is from twenty-five to thirty feet above the top of the Maxville lime- 
stone, the Ohio equivalent of the Chester limestone, a Lower Carbonifer- 
ous formation in Illinois. The shale containing the plants I have never 
found except at one spot, where it is exposed in a ditch by the roadside, 
and all the plants were found within the limits of a few yards square. 
More extended explorations would doubtless bring to light other new 
forms. 

There was here a little marsh in which grew many fine ferns and 
other plants, nearly all of which are new to science. Some of these are 
allied to types hitherto regarded as Devonian, and some others belong to 
a type found chiefly in the Mesozoic. This fact gives no little interest 
and significance to the locality. 

While these plants are found near the base of the Coal Measures in 
Ohio, their stratigraphical position is more than two thousand feet above 
the base of the series, as revealed in the geosynclinal basin of West Vir- 
ginia, which was first filled with strata of the Coal Measures before any 
similar formations took place upon the ancient marginal Waverly 
plateau of Ohio. 



Genus MEGALOPTERIS, Dawson. 

This is a genus established by Principal Dawson to include a form of 
Devonian fern discovered by Prof. Hartt, and named by him Neuropteris 
Dawsoni. 

I have found several additional species near Rushville. They are all, 
except one, quite closely allied to the form found by Prof. Hartt. The 
exceptional one has something of the appearance of an Aletkopteris, and 
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is a much smaller plant than the others, but, from a careful study of 
many specimens, I am led to think it properly belongs to the genus 
Megalopteris. Some fragments of another form of the same genus have 
been found, but they are too imperfect for description. 

The Ohio species are of rare interest, not only for the beauty of the 
plants, but because they are found, not in the Devonian, but in the Coal 
Measures. Between them and any Ohio Devonian rocks are the Max- 
ville limestone (equivalent of the Chester, Illinois, group) and the Lower 
Carboniferous Waverly sandstone group. 

Megalopteris Harttii (sp. nov.). 

Plate 46, figs. 1 and la. 

Frond very large, linear-lanceolate, somewhat enlarging towards the 
top, simply pinnate. Rachis flat, striate, winged below the lower pinnae, 
the alate portion extending lower in some specimens than in others, and 
the external margins of the wings not always quite regular in outline. 
Pinna? alternate, diverging at an acute angle, unequal-sided, the lower 
side decurring and broad, and the upper narrowed toward the base or 
medial nerve ; linear-lanceolate, obtuse, broadly decurrent, each extend- 
ing down the rachis to the inferior pinna; margin distantly and irregu- 
larly crenate, but often entire ; medial nerve flat, dissolving below the 
apex. Veins very numerous and fine, diverging at a very acute angle, 
forking twice or thrice, sometimes four times, and passing in a curve to 
the border. This fine fern was about two feet in height. Fig. 1 shows 
,a terminal portion of the plant of natural size, but the medial nerves 
are too prolonged; la shows the venation magnified. 

Found near base of Coal Measures, in Perry county, near Rushville. 

Megalopteris minima (sp. nov.). 

Plate 48, figs. 1, la, 2, and 3. 

This species resembles M. Harttii, but is a very much smaller plant. 
Rachis striated. Frond simply pinnate. Pinnae lanceolate and some- 
times acuminate, comparatively short and narrow, strongly decurrent, 
connected above the base ; margin entire ; midrib fiat, as in M. Harttii, but 
extending nearer to the apex. The nerves fork two or three times, as in 
M. Harttii, but are more open and diverging, coarser, and less numerous. 
In M. Harttii the nervules diverge from the medial nerve at a very acute 
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angle, each having a regular curve from its point of origin to the margin, 
while in this species they diverge at an angle much less acute, and are 
generally somewhat bent at the fork, or at a short distance above it, thus 
breaking the continuity of the curve. This feature is not quite perfectly 
shown in fig. la, which represents the nervation enlarged. Pig. 2 repre- 
sents the largest specimen yet found. Fig. 3 shows the apex of a very 
small one. 

Location same as previous species. 

Meoalopteeis ovata (sp. no v.). 

Plate 47, figs. 1, 2, and 2a. 

The pinnae of this species are ovate or ovate-lanceolate, the terminal 
ones obovate. The nervation is similar to that of M. minima. This 
plant resembles considerably M. Harttii, but its pinnae are very much 
shorter and more ovate, and the nervation is coarser, like that of M. 
minima. In the decurrent portions of the pinnae the nerves are so curved 
as to reach the margin nearly at right angles, while in M. Harttii they 
reach the margin at an angle of 45°, or less. It is a smaller and shorter 
plant than M. Harttii. Fig. 1 represents a terminal portion of the plant. 
Fig. 2 shows a lower portion, with the short, broad leaves which charac- 
terize this species. Fig. 2a shows the nervation near the base of the de- 
current portion of the leaf. 

Locality same as that of previous species. 



Megalopteeis lata (sp. nov.). 

Plate 47, figs. 3 and 3a. 

This species is established on very large detached pinnae. Margin 
entire. Nervation as in M. Harttii, but differing in this, that after the 
last forking the nervules are parallel and proceed straight to the margin, 
and not in a continuous curve. The pinnae are sometimes bifurcated, as 
shown in fig. 3. No apex of pinna has been found, and the form of 
termination is unknown. The size of the pinnae (of which some of the 
fragments are over twenty centimeters long and five centimeters wide) 
and their nervation indicate a distinct species. The plant resembles M. 
Dawsoni, Hartt, but the pinnse are not rugose, and the nervules do not 
fork near the margin, and are not continuously curved, but proceed 
straight and parallel to the margin, the straight or tangential portion 
occupying from half to two-thirds the distance from margin to midrib 
27 
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In all the preceding four species of Megalopteris the first forking of the 
nervules of the pinnae is often obscure, not showing distinctly except 
where the parenchyma has been partially removed. 

Locality same as previous species. 



Arch^eopteris stricta (sp. nov.). 

Plate 49, figs. 2 and 2a. 

Frond bi-pinnate. Rachis comparatively thick, straight, regularly 
and thinly striate. Pinnae alternate, somewhat closely set, growing out 
of rachis at an angle with it of 70° to 75°, rarely as small as 45°. Pin- 
nules alternate, oblanceolate, obtuse, decurring on the narrow rachis, dis- 
connected to the base, with a strong nerve dividing near the base into 
three to five branches, which themselves fork once or twice before reach- 
ing the margin. 

This beautiful fern is allied to Cyclopteris Jacksoni, Dawson, from the 
Devonian, but is in all respects a smaller and more delicate plant. It 
differs from it not only in its much shorter pinnae, and in the less acute 
angle made by them with the rachis, but in having its pinnules discon- 
nected to the base, not imbricated. The nervation is also quite different. 
In 0. Jacksoni the veins are slightly curved and nearly parallel, while 
in this species they are once or twice dichotomous from near the base, 
with branches diverging and fan-like. 

It is still more like O. Roemeriana, Goepp., but is a more delicate 
species, with shorter, open, straight pinnae proceeding from rachis at a 
greater angle, with pinnules shorter and less distant, with one strong 
branching nerve instead of several, and a regularly thinly striated rachis. 

Dr. Dawson suggests Archasopteris as the generic name of this group, in 
preference to Palasopteris, Sch., which is preoccupied. Pig. 2 shows the 
nervation and leaf magnified. 

Locality same as the last. 



ORTHOGONIOPTERIS (genus nov.), Andrews. 

Frond simply pinnate. Pinnae alternate, lanceolate, or oblong-linear, 
rounded and tapering to an acute point, entire or undulate, enlarged and 
decurrent on lower side, rounded on the upper to the middle nerve, and 
joining it a little above the point of its attachment to the rachis. Me- 
dial nerve prominent, thick, ascending to the apex. Nervules very fine 
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and numerous, uniform, at right angles to the middle nerve, decurring 
to it at the point of attachment, forking once very near the base. The 
rectangular character of the nervation has suggested the name of the 
genus. 

This genus is allied to Tseniopteris, Brongt., Angiopteridium, Sch., and 
Neriopteris, Newb. The nervation is similar to Tseniopteris, but Tseniop- 
teris has a simple frond, while this is pinnate. In Angiopteridium the 
frond is pinnate, and the pinnse have cordate or rounded bases and acute- 
angled nervation, with a marginal and bi valvular fructification; and 
in Neriopteris the pinnae are similarly cordate or rounded, with acute- 
angled nervation, and with a supposed marginal fructification. In this 
genus the pinnse, on the other hand, are decurrent below, rounded and 
free above, with rectangular nervation. It has more of the characters 
of the Danasa than any of the Pecopteridex of the Coal Measures, the 
veins being parallel, equal, and slightly turning up at or near the mar- 
gin. It differs, however, by the decurrent base of the leaflets, in which 
feature it is allied to the Alethopteris. It doubtless belongs to the order 
of the Tseniopteridese. None of this order have hitherto been found so 
low as in the Coal Measures. T. multinervis, Weiss, belongs to the Upper 
Coal Measures and Permian of Europe. The only plants of this order 
found in this country, so far as I know, are Tseniopteris (Macrotseniopteris, 
Sch.) magnifolia, Rogers, in the Triassic coal field near Richmond, Vir- 
ginia, and T. vittata, reported by Dr. Hitchcock, from the Triassic of the 
Connecticut valley. In Ohio plants of this type are singularly found 
associated with several Devonian types, such as Megalopteris, Daw., and 
Archseopteris (Palseopteris), Daw. 



Orthogoniopteris clara (sp. nov.). 

Plate 50, figs. 1 and la. 
Frond pinnate. Stalk of medium size, with numerous closely set pin- 
nae. Pinna? alternate, oblong-linear, rounded, and tapering to an acute 
point. Entire or slightly undulate, diverging from the rachis at a not 
very acute angle; margins contiguous or over-lapping ; the upper mar- 
gin rounded at the base, meeting the medial nerve a short distance from 
its junction with the rachis ; the lower margin decurrent, the alate por- 
tion extending down the rachis nearly to the medial nerve of the 
next pinna. Medial nerve very prominent, extending to apex of 
pinna. Nervules very fine and close, leaving the medial nerve at a 
very acute angle, forking once very near their bases, then, bending 
sharply down to a horizontal line, extend parallel nearly to the mar- 
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gin, where they slightly curve upwards, the leaf being to a slight 
degree revolute. Thirty-five nervules are counted on the border in the 
space of one centimeter. The frond is 37 centimeters in length, with about 
15 pinnae on each side. The pinnae are from 9 to 11 centimeters long, and 
nearly 2 centimeters wide. The lower portions of many of the pinnae are 
obscured in the specimen, but several show the basal structure, but too 
obscurely to be well represented in the figure. 

In fig. 1 the nervules are not sufficiently fine and close. Pig. la shows 
the nervation magnified. 

Location same as the last. 

Okthogonioptebis Gtlberti (sp. nov.). 

Plate 50, fig. 2. 

This species differs from the preceding by a relatively stronger rachis ; 
pinnae of thicker substance, shorter, lanceolate, more distant, more evi- 
dently and broadly decurrent below, the upper basilar border curving to 
and reaching the medial nerve at a greater distance above its base. The 
medial nerve is prominent and well marked, but not so thick as in the 
last species. The veins or nervules are finer and closer, and show less 
tendency to curve upwards at the border, which is somewhat thickened. 

Forty-five nervules are counted in one centimeter of the margin. 
Having but a single fragment of this species, belonging, probably, to the 
middle of the plant, or, perhaps, a little below it, it is impossible to judge 
of its length, but it was evidently a large and beautiful fern. The pin- 
nae are about 6 centimeters long and 15 millimeters broad. 
Locality same as the last. 

Alethopteris Holdeni (sp. nov.). 

Plate 51, figs. 1, 2, and 2a. 
Frond simply pinnate, large, with a very thick striate rachis one centi- 
meter wide near its base, which is covered with a thick mass of scales. Pin- 
na? long and narrow (4 to 7 centimeters long, and 7 millimeters broad), de- 
current, greatly diminished in length toward the base; sub-opposite 
toward the top, sub-alternate toward the base; oblique in the upper 
part, open and nearly at right angles toward the base ; scythe-shaped, 
lanceolate, taper-pointed, with a prominent midrib extending to apex. 
Veins open, curving to the border, forking twice, once near the base, and 
again about one-third of the distance from midrib to margin, thence 
nearly parallel, reaching the margin at an angle somewhat acute. 
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This large and splendid fern is somewhat related to A. Serlii and some 
other species of the same section. The essential characters which sepa- 
rate it, are, 1st, the great length of the frond, which measures at least 
fifty centimeters ; 2d, its linear-lanceolate, or, rather, oblanceolate form, 
the leaflets decreasing in length toward the base ; 3d, the linear, taper- 
pointed form of the leaflets; and, 4th, the always simple division of the 
frond. 

Fig. 1 represents the lower part, and fig. 2 the top of the frond. Fig. 
2a shows the nervation, but the nervules are generally more nearly par- 
allel as they approach the margin than is here represented. 

But a single specimen of this fine fern has been found. 

Locality the same as the last. 

Alethopteris Bunburyi (sp. no v.). 

Plate 51, figs. 3 and 3a. 

Pinnate or bi-pinnate, with a slender rachis. Pinnae alternate, almost 
contiguous, ovate-lanceolate or broadly oval. The margins of the upper 
leaves sometimes entire, while those of the lower are more undulate or 
slightly lobed. The upper leaves are attached to the rachis by the 
whole base, while the lower ones are somewhat narrowed and very 
slightly cordate. 

Medial nerve strong, extending nearly to the apex. Nervules gener- 
ally once, sometimes twice dichotomous, rising from the medial nerve at 
an acute angle and curving to almost a right angle with it, and proceed- 
ing to the margin in lines nearly parallel. 

This pretty fern resembles very much A. tseniopteroides, Bun., found in 
the coal fields of Cape Breton. The nervation is quite similar, but the 
leaves are not decurrent, are more pointed, and are generally lobed in 
the margin. 

Locality same as the last. 

Alethopteris maxima (sp. nov.). 

Plate 50, figs. 3, 3a, and 36. 

This species includes a few fragments of a plant remarkable for the 
size of its pinnae, which resemble in nervation ■ the A. tseniopteroides of 
Bunbury. 

No basal part of a pinna has been found, and nothing is known of the 
method of its attachment to the rachis. 

The pinnse are oblong-linear, entire, rounded, and tapering to an acute 
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point. The medial nerve is strong, and extends to the apex. The veins 
are once or twice dichotomous, forking generally near the midrib, curv- 
ing and extending parallel to the border at a slightly acute angle, bend- 
ing upward a little upon nearly reaching it. 

The fragment shown in fig. 3 indicates a very large, straight leaf, which 
measures 7 centimeters in length and If centimeters in width. Another 
leaf, found in the same location, is slightly curved. Fig. 3a shows the 
apex of a leaf, and fig. 36 the usual venation. The fragments all show a 
series of dots, which at first suggest fructification, but as, they are 
situated between the veins, they are probably merely dots of an iron 
oxide. While the venation is similar to A. tseniopteroides, Bun., the leaf 
is much larger and more pointed. If a true Alethopteris, its leaf is larger 
than that of any described species of that genus, except A. ingens, Daw., 
from which it differs somewhat in venation. 

Locality same as the last. 



Hymenophyllites Ballantini (sp. nov.). 

Plate 49, fig. 1. 

Frond tripinnatifid. Primary rachis thick, striated, fiexuous. Pinnae 
distant, alternate, decurring, with a thickened rachis. Pinnules numer- 
ous, alternate, once or twice lobed, decurrent; ultimate divisions linear, 
narrow, short, acute, either free to the base or united above the middle ; 
two to three millimeters long and one-half millimeter broad, or less. 
Veins thin, dichotomous, each division extending to the apex of the 
lobe. At the base of the decurrent secondary rachis some pinnules are 
attached to the main rachis, even descending along it. 

I know of no species to which this one may be compared. Its first 
and general appearance is that of a Sphenophyllum. 

Locality same as the last. 

Eremopteris margin ata (sp. nov.). 

Plate 52, fig. 1 and fig. 2. 
Frond bi-pinnately divided. Pinna? alternate, divided into numerous 
diverging, oblique, acuminate, confluent lobes. Veins numerous, divid- 
ing like the pinnae. Pinnules decurring along the rachis. Rachis of 
medium size, bordered by a series of half round compressed appendages 
resembling small scales, and forming a narrow crenulate border or wing. , 
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This appendage, which is not observed in any other species, passes up 
the rachis to the point where the decurrent lobes join it. This peculiar 
margin gives the name to the species. 

This plant has a general resemblance to Sphenopteris artimesiasfolia, 
Sternb., on which Schimper has founded the genus Eremopteris, but 
differs from it principally in the lobes of the pinnae, which in E. artime- 
sisefolia are more elongate and wedge-shaped, while in this plant, with 
the same nervation, the lobes are very distinctly pointed. 

Fig. 2. represents a more macerated form of the plant. 

Locality the same as the last. 

Lepidophloios Lesqtjebeuxii (sp. nov.). 

Plate 53, fig. 3. 

Stem or cone covered with rather small, rhomboidal, imbricated scales 
of nearly equal breadth and depth, measuring about seven millimeters in 
each direction. The upper part of each scale depressed, as in Lepido- 
phloios, the depression bordered below by a curved transverse ridge, from 
the middle of which descends a similar longitudinal ridge, on each side 
of which is a small oval cicatrix. A single similar cicatrix is seen in 
the center of the upper depressed space. If this depressed space was 
ever tripunctate, this feature is not now discernible. One of the scales 
is uncovered in its lower portion, and shows an apparent fibrous or 
woody structure. It does not appear to be the striated axis of a cone. 
The specimen, however, as a whole, has a strong resemblance to a cone. 
It is unlike any species of Lepidophloios I have seen, and still less like 
any form of Lepidostrobus. The figure represents the natural size. 

Locality same as the last. 

Lepldodendron Rushvillense (sp. nov.). 

Plate 53, fig. 4. 

Cicatrices rhombic (almost square), with the lateral diagonals slightly 
longer than the vertical, very close together. There are three oval de- 
pressions a little above the middle of scar; two of them in a horizontal 
line, and the other placed centrally a little above. Another circular de- 
pression appears near the upper corner of the cicatrix, and transverse 
wrinkles in the lower part. The figure of L. tetragonum, given by Stern- 
berg, is very indistinct, and that given by Dr. Dawson, in Fossil Plants 
of Lower Carboniferous and Millstone Grit, Canada, does not correspond to 



424 PALAEONTOLOGY OP OHIO. 

my specimen, except in general shape, and in the circular depression 
in the upper corner. In my specimen I have some doubt whether this 
dot represents a true vascular leaf-scar. 

This species bears no resemblance to Prof. Schimper's L. quadratum. 
Locality same as the last. 

• Roots ? 

Plate 53, figs. 1 and 2. 

I have given these figures simply to add to the material necessary to 
be accumulated for the proper determination of these and similar root- 
like forms. 

They are probably nothing more than submerged portions of an Aster- 
ophyllites, the ordinary leaves of which took the form of profuse branching 
rootlets. The only forms of Asterophyllites thus far found in the shale at 
this locality are A. erectifolius (pi. 49, fig. 3) and A. ? minutus (pi. 51, figs. 4 
and 4a). 

The " rootlets " could hardly belong to the former species, and, if to the 
latter, there is involved in the sub-aqueous growth an almost incredible 
change of habit, in the increased size of the stem and remarkable mul- 
tiplication of the leaves. 

Lindley and Hutton (Vol. I., pi. 18, Fossil Flora of Great Britain?) figure 
a so-called A. longifolia, in which the leaves are long, and slender, and 
fiexuous, and apparently branching, and very unlike the usual form of 
the leaves of that species. They appear to have grown on a submerged 
stalk. 

Locality same as the last. 



AsTEBOPHYLLITES ? MINUTUS (sp. IIOV.). 
Plate 51, figs. 4 and 4a. 
This is a very minute, jointed plant, with relatively thick, stiff, 
pointed, verticillate leaves, curved upwards. Length of leaves, from one 
to two millimeters. Generally four leaves grow from each node. Leaves 
a little longer than the joints of stem. There are indications of a strong 
medial nerve, but this may be only a peculiar thickening of the leaf. 
The plant has a general resemblance to A. gracilis, Lesq., from Arkansas, 
but it is a more delicate plant, shorter in the joints, and the leaves have 
a stronger upward curve. It also resembles somewhat A. parvula, Daw- 
son, from the Devonian of New Brunswick. 
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The fragments of the tiny branchlets are very abundant in a thin 
band or layer, scarcely more than a half inch in thickness, made up of a 
curious soft brown mass of vegetable matter, which never hardened into 
coal or bituminous shale. It is often pulverulent, and burns slowly 
without flame, retaining its fire like punk. I am inclined to think that 
the layer was formed from the comminuted fragments of this plant. No 
stems of Calamites, or of other allied forms, are found in this locality, ex- 
cept the A. erectijolius (pi. 49, fig. 3), and the curious rootlets figured in 
pi. 53, figs. 1 and 2. 

Locality same as last. 

AsTEROPHYLLITES ERECTIFOLIUS (sp. IIOV.). 

Plate 49, fig. 3. 

Stem slender, striate, articulate; joints one and a half oentimeters 
long, and less. Leaves verticillate, very numerous, small, slender, pointed, 
single-nerved, nearly one-third longer than the joints of stem, curving 
upward and enveloping the stem. 

Locality the same as the last. 

Cardiocarpon Newberryi (sp. nov.). 

Plate 46, fig. 2. 

Nucleus somewhat heart-shaped, pointed at the top, covered with a 
thin epidermal coating, which, when removed, shows underneath the 
smooth body of a nut or seed, with vertical strise toward the apex. 

The wings are large and wide, opening outward, with curved lines at 
the apex of nucleus, and showing a division at the base as a place of 
attachment of the nucleus to a stem. They are minutely striated, the 
strise not curving upward, but taking a nearly horizontal direction from 
the nucleal margin. 

The'width of the whole, both nucleus and wings, is about four centi- 
meters ; that of the nucleus about one and three-fourths of a centimeter. 
The depth of the nucleus is nearly equal to its width. 

It is unlike any of the many forms figured by Dr. Newberry, who has 
given special attention to this genus from the Lower Coal Measures of 
northern Ohio, and after whom I have appropriately named this fine 
species. It resembles in its wings C. Bayleyi, Dawson, from the Devon- 
ian of New Brunswick, but the nucleus is wider and more acuminate in 
the apex. 
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The figure represents the only specimen found. The epidermal cover- 
ing of the nucleus is covered with irregularly placed dots, as shown in 
the figure. 

Locality same as last. 

I have, in the foregoing descriptions, given the more important of the 
new forms thus far found in the thin shale bed near Rushville. Besides 
these, however, there are many other plants which have not yet been 
Carefully studied. Among them are two species of Cordaites, one with a 
very long, broad leaf, probably C. Robbii, Dawson, from the Devonian of 
New Brunswick, and the other much narrower, with finer nervation. 
There is species of Lepidodendron, similar to one found at Jackson, over 
the lowest coal-seam, which is probably not new. There are numerous 
fragments of a large form of Lepidostrobm, but no complete specimen of 
a cone has yet been found. Leaves of Lepidodendron are very abundant, 
some of which are of great length. There is a large form of Lepidophyl- 
lum. An axis of a very long and curious cone, too indistinct to be well fig- 
ured, indicates a new form. There is every reason to believe that further 
explorations in this shale bed will reveal many additional plants. 

In conclusion, I wish to express my thanks to my esteemed friend, 
Mr. L. Lesquereux, of Columbus, whose attainments and publications in 
Palseontological Botany have conferred such great honor upon this de- 
partment of science, for the kind interest he has taken in my work ? 
and for the privilege of consulting his extensive and invaluable private 
library. 
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read by the author, and he is to be absolved from responsibility for the typographical 

errors contained in this portion of his report. 

J. S. N. 
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l'AGE. 
LlNUCLA CoVINGTONENSIS , 67 

Fig. 1. View of the exterior of the ventral (?) valve, as obtained by a gutta-percha east from the 
matrix. Enlarged to 2 diameters. 

LlNGUI/ELLA ClNCINNATIENSIS 67 

Fig. 2. View of the dorsal side of a specimen, imperfect m the lower part, showing the beak and area 
of the ventral valve. 
3. View of a shell, somewhat restored, to show the general form as seen in other individuals. 

Trematis miixepcnctata 70 

Fig. 4. Dorsal side of a specimen from Cincinnati, Ohio, showing the general form of the shell and 
some of the external punctKe around the margin. 
5. Ventral side of the same specimen, showing the slit in the posterior margin, 
(i. Profile of the same, showing the relative proportion of the valves and cm vature of the beak. 
1. Interior of a ventral valve, apparently of the same species. All the figures are enlarged. 

Trematis punctostriata 70 

Fig. 8. View of a ventral valve from the soft shales at Cincinnati, showing the punctate stria! over 
a part of the surface. 
9. Ventral valve from the same locality. From the cabinet of TJ. P. James, Esq. 

Leptobolus lepis 69 

Fig. 10. Interior of a dorsal valve, greatly enlarged, showing muscular mpressions, etc. 

11. Interior of a ventral valve, showing muscular impressions and cardinal area. Enlarged. 
The specimens were from the cabinet of C. B. Dyer, Esq. 

SCIIIZ.OCRANIA PILOSA 73 

Fig, 12. View of a shell of Strophomena alternata, to which there are five individuals of this species 
adhering, three of which show r.raams of the upper valve, and all of them more or less of 
the lower or attached valve. Natural size. 

13. Enlarged view of an upper valve, one of a group ofHhree individuals attached to S. alternata. 

14. Enlargement of an upper valve, from which the shell has been removed, showing the mus- 

cular impressions. The specimen is attached to a valve of Strophomena alternata. 

15. Enlargement from the ventral valve, seen near the right side of fig. IS, showing the thicken- 

ing of the margins of the notch. 

Crania ljelja f 75 

Fig. 16. View of the inner valve of Streptorkynchns plantimbona, H., with four specimens of this 
species attached. 

Crania scabiosa 74 

Fig. 17. View of a specimen of Strophomena alternata, from Cincinnati, Ohio, with a group of these 
shells adhering. 

Orthis clytie 75 

Fig. 18. View of the interior of a ventral valve. 

19. View of the exterior or dorsal side of an entire shell. These figures are from the original 
specimens of the species. 

Orthis ella 76 

Fig. 20. Dorsal view of one of the original specimens of the species. (See Pal. Ohio, Vol. I., p. 105.) 

Orthis Jamesi 77 

Fig. 21. View of the dorsal side of the largest of the type specimens of this species. 
22. Profile view of the same. 

TeLLINOMY A LEV ATA 82 

Fig. 23. View of the bingo of an imperfect specimen of this species. Enlarged. 

Tellinomya pectunouloides 81 

Fig. 24. View of the interior of a specimen from the cabinet of C. B. Dyer, Esq. Enlarged. 

LyRODESMA ClNCINNATIENSIS 82 

Fig 25 Enlarged view of the interior of a right valve, showing the character ot the hinge. Cabinet 
of C. B. Dyer, Esq. 
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Pterinba demissa 78 

Fig. 1. View of a left valve, from Cincinnati, Ohio, showing the general features of the species. The 
figure is slightly restored on the posterior wing. 

Ambonychia radiata 79 

Kg. 2. View of the left side of a small but'quite perfect and characteristic specimen of the species. 

Sedgwiokia ? divaeicata 89 

Fig. 3. View of the .left side of the specimen described, showing the general form and surface- 
markings. 

Orthodesma contra cta .'.., 96 

Fig. 4. View of the left side of the typical specimen used m the original description of the species 
showing the plications of the cardinal slope. ' ' 

5. View of another and somewhat diiferently formed individual referred to the species, obtained 
near waynesville, Ohio. 

Orthodesma curvata 95 

Fig. 6. View of the left side of a specimen, showing the general features of the species. 

Orthodesma recta 94- 

Fig. 7. View of the right side of a small specimen. 

8. View of a larger individual, showing the general features of the species. 

OUNEAMYA MlAMIENSIS 91 

Fig. 9. Cardinal view of a well-marked specimen of the species. 
10. View of the right side of the same individual. 

Grammysia neglecta 92 

Fig. 11. View of a specimen supposed to be the form described by Mr. Meek, from a very imperfect 
individual, under the name SedgmcUa ? (Grammysia *) negleita, introduced for comparison 
with figs. 9 and 10. 

OUNEAMYA SCAPHA 92 

Fig. 12. View of the left side of a specimen of moderate size, and slightly compressed, but showing 
the features of the species. 

MODIOLOPSIS TRUNCATA ". 86 

Fig. 13. View of the right valve of one of the original specimens figured in the Pal. 2S". Y., Vol. I. 
The specimen is from Cincinnati, Ohio. 

MODIOLOPSIS ClNCINNATIENSIS 88 

Fig. 14. View of a small speoimen, showing the general form and convexity of the species. 
15. View of a larger specimen, showing stronger undulations of growth. 

MODIOLOPSIS pholadiformis 85 

Fig. 16. View of. a well-marked specimen of this species, showing the plications of the surface. 

MODIOLOPSIS modiolaris , 83 

Fig. 17. View of an impression of the interior of a right valve of this species, from Cincinnati, Ohio, 
showing the filling of the tooth cavity just above the anterior muscular impression. 

MODIOLOPSIS CONCENTRICA '. 86 

Fig. 18. View of a small specimen retaining both valves, and showing the surface-markings quite 
well preserved. 
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Orthoceras TURBIDUM 100 

Fig. 1. View of tlie apecimen described, showing the remains of longitudinal ridges. 

Orthoceras Duseri 97 

Fig. 2. View of the perfect specimen from -which the species was described, showing all the charac- 
ters of the shell except the outer chamber. 

3. View of a septum, and a single bead of the siphuncle, as seen m a section of the upper part 
of the specimen fig. 2 by breaking*. 

4 * Enlargement of the surface, showing the peculiar reticulated texture of the surface under a 
magnifier, when well preserved. 

GoMPHOCERAS EOS 100 

Fig. 5. View of the specimen described, showing the outer chamber and several septa. 
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Plumulites Jamesi 106 

Figs. 1 and 2 represent detached plates of the species from Cincinnati, Ohio, greatly enlarged. 

Fig. 3. An outline tracing of a figure of a very perfect specimen, natural size, given by Henry 
Woodward, Esq. (Quar. Jour. Geol. Soc, Vol. XXI., plate 14, fig. lft. j Introduced here 
lor comparison, and to show the structure and arrangement of the plates. 

Leperditia (Isochilina) minuttssima 102 

Fig. 4. View of a left valve of the species, greatly enlarged. 

Leperditta (Isochilina) cylindrica 101 

Fig. 5. View of a right valve, greatly enlarged. 

BEYRICHIA (iUADRILIRATA 105 

Fig. 6. View of a left valve, showing the character of the ridges and sulci. 
7. A basal profile in outline, showing the valves m conjunction. 

Beyrichia tumifrons 102 

Fig. 8. View of a left valve, enlarged. 

Beyrichia oculifera 103 

Fig. 9. Lateral view of a specimen, showing the sulci and the character of the eye tubercle. 
10. Basal profile view, showing the elevation of the tubercle. 

Beyrichia Ciiambersi 104 

Fig. 11. A partial profile view of a left valve, showing the length of the spine, which does not appear 
to be serrated, and also the depth of tiie sulci. 
12. Lateral view of a right valve, showing the character of the species. 

Calyjiene Christ yi 107 

Figs. 13 and 14. Vertical and profile views of the original specimen from which the species was 

described. 
Fig. 15. Outline view of a pygidimn. 

Dalmania beeviceps 108 

Fig. 16. View of the original specimen. 

17. Outline profile of the same specimen. 

Proetus parviusculus 109 

Fig. 18. View of the type specimen, enlarged to four diameters. 

Orthoceras Caeleyi 98 

Fig. 19, View of the specimen described, showing the several tubes referred to, and their positions 
in relation to each other. 
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PH.ENOPORA (PTILODICTYA) EXPANSA 114 

Fig. I. View of a portion of a frond, natural size, showing a portion on the right, which presents the 
outer surface, the larger part showing the inner face of the opposite laminae. 

Retepora angulata? Ill 

Fig. 2. View of a fragment of a frond, natural size. 

3. An enlargement of the striated surface. 

4. A still further enlargement of a portion of the celluliferous face, showing the form and 

arrangement of the cell apertures. 

Stictopoea magna 112 

Fig. 5. View of a fragment of a stipe which, has been split through the center and presents the 
inner face of the laminae. Natural size. 
6. An enlargement of a portion to show the arrangement of the lines of cells as presented on 
the exposed surface. 

Clathropora Clintonensis 113 

Fig. 7. View of a frond, natural size, showing the large, irregularly formed perforations. Many of 
the specimens observed have them still larger in proportion to the breadth of the branches 
than in this one. 

R.HINOPORA FRONDOSA 112 

Fig. 8. View of a fragment, natural size, showing the arrangement of the maculae and grooves on 
the surface. 
9. An enlargement of one of the maculae, showing the clustering of larger pores. 

Strophomena patenta 115 

Fig. 10. View of the exterior of a ventral valve, as obtained from an impression left on the surface 
of the stone, reversed by taking a cast m gutta-percha, giving the true form of the shell 
in the figure. 

Cypricardites feretjgineum 116 

Fig. 11. View of the left valve, as obtained by a gutta-percha impression in the rock. The valve has 
been slightly injured by compression on the anterior end. 

Pleurotomaria inexpectans 117 

Fig. 12. View of one of the specimens used in description, the surface-markings being indicated 
from another otherwise less perfect individual. 

Orthoceras Jamesi 118 

Fig. 13. View of the specimen described, enlarged-to three diameters. 

Ill^enus Daytonensis 119 

Fig. 14. View of the glabella and fixed cheeks of a specimen of the species. 

15. View of a small pygidium associated with glabella? of the form of the above. 

16. View of a larger pygidium of the same form as tig. 15. 
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Keceptaculites Ohioensis 123 

Fig. 1. Lateral view of a hemispherical specimen, showing the large rhomboidal cells over the dome 
and the narrower crowded cells on the larger vertical portion. 

' INOCAULIS BELLA 122 

Fig. % View of the specimen used m description of the species, from a photograph of the original. 

PLATYCRINUS PRJ3MATURUS 124 

Fig. 3. Basal view, as shown m gutta percha casts taken m the natural mould 

4. Lateral view, obtained in the same manner as above, showing the structure of the cup to the 

base of the free arms. 

5. Basal view of an internal cast of tlie calyx. 

6. Lateral view of the same specimen as fig. 5. 

Saccocrinus oknatus 126 

Figs. 7 and 8. Anal and anterior views of an internal cast of the body and proboscis^of a specimen. 
Fig. 9. Postero-lateral view of a gutta-percha cast taken m the matrix of the specimen figs. 7 and 8. 
showing the surface structure of the plates of the left postero lateral ray and anal area. 

Saccocrinus Tennesseensis 125 

Fig. 10. View of an internal cast, showing the anterior and left anterolateral rays, the mterradial 
area being central. 

Euoalyptocbinus chassus 129 

Fig. 11. View of an internal cast of a specimen from Cedarville, Ohio, referred to this species. 

EtJCALYPTOCRINUS SPLENDIDU8 128 

Fig. 12. View of an internal cast of a specimen imbedded m the matrix, showing the filling of the 
visceral cavity of the body and that of the funnel-shaped canal communicating with it. 
and the impression of the mterbrachial plates. 

PENTREJflTES STJB-CYLINDR1CA 129 

Fig. 13. View of the specimen described, showing the form and size of the ambulacral areas, and also 
of the radial and tops of the basal plates. 

Calymene Niagarensis 153 

Fig. 14. View of a specimen of the species, showing the form of the thorax. The head and pygidium 
are bent downwards m such a manner as to give only a portion of their length in this 
view. The example is an internal cast. 
15. An outline profile of the same specimen, showing the manner m which the specimen is bent. 

Encrinurus ornatus 154 

Fig. 16. View of the pygidium and part of the thorax of an internal cast, showing the features as 
described. 

LlCHAS BREVICEPS 156 

Fig. 17. View of a fragment cf the cephalic shield, showing the glabella and lateral lobes. The out- 
line restoration js partially from a specimen from "Wisconsin, and may not correspond ex- 
actly with what this may have been. 



IDTPPKil-S SJIILUIRIAWo 



3 



{ 2Jiag ara £roup. ) 



Ma.-W. 



,~A-JL\ 




Tk°? Sinclair k Son, Mi, FhUa 



PLATE VII. 



VAGK. 

MoNOMERELLA NeWBERKYI 131 

Fig. 1 . Dorsal view of the internal cast described , tbe lower portion of the specimen retains a little 
of tlie shell. 
2. Ventral side of the gtmo individual. 

DlNOBOLUS COXR.VDI 130 

Fig. 3. Dorsal view of a specimen from Wisconsin, given for the purpose of showing the form of 
the fossil, the Ohio specimens being too poor for illustration. 
4. Ventral view of a specimen. 

Mebistina Mama 132 

Figs. 5 and 6. Cardinal and dorsal views of a specimen from Yellow Springs, Ohio, showing the fea- 
tures of the internal casts. 

Pentamerus ventricosus 138 

Figs. 7 and 8. Dorsal and profile views of an internal cast from Yellow Springs, in the collection of 
Prof. Hall, showing the usual features of the species. 

Pentamerus oblongus 137 

Fig. 9. Dorsal view of a medium sized individual of the more compressed form of the species, from 
Yellow Springs, Ohio. 

Pentamerus pergibbosus 139 

Fig. 10. Dorsal view of an internal cast of the species, from the limestones at' Greenville, Ohio, 
showing the great proportional length of the shell. 
11. Profile ot another specimen, showing the depth of the valves. Cabinet of Columbia Col- 
lege. 

Atrypa nodostriata 133 

Figs. 12-14. Dorsal, ventral, and profile views of an internal cast, showing the usual features of the 
specimens obtained m this condition. 

Rhynchonella neglecta : 134 

Fig. 15. Ventral view of the shell, as obtained by gutta-percha from the natural mould. 

Rynchonella Tennesseensis 136 

Figs. 16 and 17. Dorsal and profile views of an internal cast of the species, showing the features of 
the species as they occur m Ohio. 

Rynchonella pisa 135 

Figs. 18 and 19. Dorsaland profile views of a well-formed ventncose specimen. 

20. Dorsal view of a shorter form, with depressed convex valves. 

21. View of an elongate and ventncose form, where the plications are unusually angular. 

22. Outline profile of a flat-valved specimen ; probably a young specimen. 

Amphkxelia costata ■ 140 

Fig. 23. View of the right side of an individual, showing the general form of the shell and the char- 
acter oi the radii, as seen on the internal cast. 
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Tremanotus Alpheus 145 

"Fig. 1. Lateral vjew of the specimen described. The proj eotions on the margin indicate the posi- 
tion of the dorsal perforations. 

Pleurotomaria occidens 142 

Fig. 2. Lateral view of a specimen, showing the aperture and the form of the volutions. 

Straparollus Niagarensis 144 

Fig. 3. "View of the top of the internal cast described, showing the size and general form. 

Trochonema (Pleurotomaria) pauper 143 

Fig. 4. View of the specimen, as obtained from a gutta-percha cast in the natural mould. 

Tremanotus (Bucania) trigonostoma 146 

Fig. 5. View of the impression of the aperture and filling of the outer volution of the specimen, 
showing the form of the expansion and section of the body whorl. 

SUBULITES TEREBRIPORMIS 141 

Fig. 6. View of the apertural side of the specimen described, showing the general form of the shell 
and aperture. The specimen is imperfect at each extremity, and restored at the lower end 
in the drawing, as indicated by the line of fracture. 

Cyrtoceras Hertzeri 150 

Fig. 7. Lateral view of the fragment of a cast described, showing the curvature of the shell, the 
form of the septa and outer chambers, as well as the indications of the surface orna- 
mentation. 
8. View of the summit of the outer chamber, showing the form of the aperture. 

Cyrtoceras myrice - 149 

Fig. 9. Lateral view of a specimen of the species, showing the curvature of the shell, the constric- 
tion near the aperture, the surface characters as seen on the cast, and the septa. 

Phragmoceras parvum 151 

Fig. 10. Lateral view of the specimen described. 

Phragmoceras ellipticum 152 

Fig. 11. View of the side of the outer chamber, showing the curvature of the septum, and the size 
a.nd position of the siphuncle. 
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Orthoceras annulatum J 47 

Fig. 1. View of a fragment of an internal cast, showing the strength of the annulations and the dis- 
tance of the septa. 

Orthoceras crebescens 148 

Fig. 2. View of a fragment of the species, from Cedarville, Ohio, showing the size of the shell, rate 
of taper, and arrangement of septa, as well as their curvature and the position of the 
siphuncle. 

Orthoceras strix 149 

Fig. 3. Lateral view of the specimen described, showing the features of the internal cast. 
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Fig. 1. Fenestella multiporata ? 274 

la. A portion of the polyzoum, showing the non-poriferous side. Natural size. 

16. A small portion of the same, magnified to show the surface striae, aud the relative sizes 

of the fenestrates, branches, and dissepiments. 
lc. Poriferous side of same, to show the number and proportional size of the pores, with their 

prominent margins. 

Fig. 2. Feneste^la delicata 273 

2a. A portion of the polyzoum, natural size, non-poriferous side. 

26. A small piece of same magnified. 

2c. A small fragment, more highly magnified, to show small nodes and nearly obsolete strite 

on this side. 
2d. Another fragment, still more highly magnified, to show the pores and subnodose mesial 

carina. 

Fig. 3. Pboductus 283 

View of ventral valve. 

Fig. 4. Productus 282 

4ct. A side or profile view of cast of ventral valve. 

46. Front view of same. 

4c. Another view, the same specimen represented by fig. 4a, turned so as to show a cast of the 
interior of the dorsal valve and of the umbonal region, muscular impressions, etc.. of 
the ventral valve. s 

Fig. 5. Hemipronites crenistria 279 

5a. A dorsal view of an internal cast, showing, obliquely, the cardinal area, psendo-del- 

tidium, etc. 
56. A ventral view of same, showing cast of muscular scars. 
5c. An outline lateral view of same. 
5d. , Surface strife magnified to show the minute, regular lines of growth. 
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Platycrinus Richfieldensis 167 

Fig. 1. View of the specimen described, very slightly restored in the region of the radial plates. 

Platycrinus graphicus 166 

Fig. 3, "View of the specimen, showing the plates of the body broken and crushed, and giving form 
and mode of bifurcations of the arms as described. 

Platycrinus Lodensis , 168 

Fig. 3. View of the specimen described, showing the strong arm bases and the mode of bifurcation. 
The basal plates are somewhat broken in the specimen, and are slightly restored m the 
figure. 

Platycrinus contritus , 166 

Fig. 4. View of a specimen of this species, which shows the peculiar form of the basal plates. The 
arms are preserved for about half their extent, and show the mode of bifurcation. 

Actinocrinus helice 163 

Figs. 5 and 6 are two views of a specimen representing the variety of the species where the arm form- 
ula is 2, 3 4, 4 4. 
t and 8 represent a specimen having the normal number of arms, the formula being 2, 2 2, 4 4. 
1) and 10 represent an individual of the variety Eris, in which the arm formula is 2, 2 2, 3 3. 

Actinocrinus Daphne 162 

Fig. !l represents one of the specimens described, and shows several of the plates of the body ar- 
ranged in their natural order. At the upper part the plates are pushed over the arm base 
slightly, partly obscuring the bifurcations of the arms. 

Actinocrinus viminalis 165 

Fig. 12 shows an individual preserving a part of the body plates, together with most of the arms and 
tentacnla. 

13. View of another individual, spread out upon the surface of the shale so as to show a very 

good diagram of the body, and illustrates the mode of bifurcation of the arms* 

14. Diagram showing th- structure of the arm m one of the bifurcations. 
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FoRBESIOCRINUS KeLUOGGI 171 

Kg. 1. View of the specimen from which the description was taken, showing the form of the body 
and arms, together with a portion of the column. 

FoRBESIOCRINUS LOBATCTS, VWT. TARDUS 170 

Fig. 2. View of the specimen used m description, which is quite imperfect in the arms. 

FoRBESIOCRINUS COMMUNIS 169 

Fig. 3 shows a young individual of the species. 

v4 represents a large and well-preserved specimen, showing the body, arms, and column . also a 

few of the mterradial plates. 
5. View of another specimen, showing the anal side. 

POTERIOCRINUS CRINEUS 172 

Fig. 6. View of the typical specimen, showing the body and arms to the second bifurcation. 
7. View of the opposite side of the body of the same individual, showing the anal plates. 

POTERIOCRINUS PIjEIAS 173 

Fig. 8. View of the original specimen, enlarged to two diameters, showing the anal side and the 
arms of the postero-lateral rays. 

POTERIOCRINUS (SCAPHIOCRINUS} CORYCIA 173 

Fig. 9. View of the original specimen, uatural size, showing the calyx and a portion of the arms. 

SCAPHIOCRINUS (POTERIOCRINUS) LYRIOPE 175 

Fig. 10. View of an individual, showing the form of one side of the body, together with the form and 
structure of the arms and tentacula. 

SCAPHIOCRINUS (POTERIOCRINUS) iEGINA , 174 

Fig. 11. View of an imperfect specimen, showing the anal side and parts of three of the rays. 

12. View of a very well-preserved specimen of the species, showing the structure of the arm bases 
and the form of the plates of the arms and tentacula. 

SCAPHIOCRINUS SUBCARINATUS 176 

Fig. 13. View of a specimen, showing the form of the body, arras, and tentacula, together with a por- 
tion of the column. Natural size. 
14 Enlarged view of the calyx and first plates of the arms and column of another specimen. 

SCAPHIOCRINUS SUBTORTUOSUS 177 

Fig. 15 View of an imperfect individual of the species, showing the plates of the body and a por- 
tion of the arms and tentacula. 
16. View of ihe plates of the calyx and bases of the arms of the same individual, enlarged to 
show the character of the ornamentation for comparison with rig. 13. 

Zeacrinus paternus '... 177 

Fig. 17. View of the typical specimen, showing the plates of the calyx and the form and structure of 
the arms. 

Zeacrinus meriope 178 

Fig. 18. View of the original specimen, natural size, showing the structure of Ihe body and arms. 



CAiVl IBDKillf'ililKOnS, 



( Waverly group. ) 







TPJL.20K. 





•fite 



1 



fe|!S 



-v. 



> 



It '} 



Wffl$ 

lllf 



ij ^., 




Q.B.3!iVip.sEii. u.sL 



Th.1 s Siiidair&SOT.lilii.Piila. 



PLATE XIII. 



TACJE, 



Fig. 1. Platyceras (Orthonychia) Lodiensis 313 

la. A lateral view. 
lb. View from above. 

Figs. 2 and 3. Melocrinus (Ctenoorinus) Bainbridgensis 158 

2. Lateral view of tlie specimen, looking upon, the right anWo-lateral ray. 
2a. Basal View of the specimen, the anal art-a being on the lower side. From the Huron shale 
(Devonian). 

Fig. 4. Platycrinus Bedfordensis 161 

View of a portion of the block upon the surface of which the specimens are imbedded and 
partly covered by a pyritiferous shale. ■ 

Allorisma (Sedgwick: a?) pleuropistha 309 

ia. A left view of a specimen somewhat distorted by oblique pressure. 

46. Another specimen, apparently of tins species, with the posterior end broken away, and the 

costaa ranging much more obliquely than in the last, the difference being probably due 

to oblique pressure m one or both. 
4c. Anterior view of same, the meqmvalve appearance probably accidental. 

Fig. 5. Grammysia ventricosa 303 

5a. Left view of a specimen, probably, to some extent, a little more than naturally depressed, 
56. An anterior view of same. 

Fig. 6. Edmondia? tapesiformis 304 

Eight side view. 

Fig. 7. Pleurotomaria teXtiligera ...... 314 

la. View ot a specimen that is mainly an internal cast, but shows Indistinctly remains of sur- 
face markings. 

76. A gutta-percha cast of the upper part of the spire taken in a natural mould, showing the 
sharply de-fined marks of growth. 
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Fig. I, Biscina (Orbiculoidea) Newberryi ,., 277 

la 1 .* A cast, of the exterior of a full sized specimen, from shales at Berea, Ohio. 

lb. A cast of a somewhat smaller individual, same valve, apparently of the same species, from 

a light huff, fine arenacious matrix, at Farmmgton, Ohio, 
lc. Interior of the under valve, from the dark shales, at Berea, Ohio, showing merely a raised 

ridge on the inner side instead of a slit. 
Id. Impression of the inner side of the under valve, in a piece of the Berea' shale, showing 

the impression of the ridge of Orbiculoidea, instead of the usual slit of Discma. 

Fig. 2. DlSCINA PLEURITES 278 

2a. A cast of the upper valve. 
2&. Profile of the same. 

Fig. 3. LlNGULA MELIE ., 276 

Apparently the ventral valve. 

Fig. 4. LlNGULA MEMERANACEA ... 275 

A view, apparently, of the dorsal valve. 

Fig. 5. Spirifer biplicatus .. = . 200 

Dorsal view. 

Fig. 6. Atiiyris lamellosa 283 

6a. A dorsal view of an internal cast. 
6b. Profile of same. 

Fig. 7. Spirifeb Carteri , 285 

la. An anterior view. 
lb. A lateral view. 

7c. A view of the posterior or hinge side, cardinal area, etc., with some remains of the cast of 
the internal tube at (x). 

Fig. 8. Spirifer striatiformis 289 

8a, Dorsal view of a medium 'sized specimen, showing cardinal area, etc. 

8&. An internal cast of ventral valve. 

8c. An anterior vew of same. 

8d. A part of an external cast of the dorsal valve, showing fine surface markings. 

He. A portion of the surface magnified, to show minute transverse and longitudinal Hues. 

Fig. 9. Lingula Scotioa ? 276 
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Fig. 1. Schizodus Medinaensis 299 

la. A view of the left side of an internal cast. 

16. A right side view of the cast of another specimen, differing a little in form. 

lc. An interior view of an internal cast. 

Fig. 2. Pbothyris Meeki 305 

A right side view of a cast, natural size. 

Fig. 3. Pal^eoneilo Bedfordensis 298 

3ct. A cast, mainly of the exterior, hut having portions of the hinge exposed so as to show the 

denticles. Natural size. 
36. Same, magnified. 
3c. Right side view of another specimen in same condition. 

Fig. 4. Entolium Shumardiantjm? 292 

4a. Apparently a left valve, external view. 

46. Internal view of apparently a right valve of the same species. 

Fig. 5. AvicuLOPECTEJsr Winchelli 296 

5a. A cast of the exterior of the left valve of a large specimen 
5b. A cast of right valve of a smaller individual. 

Fig, 6. Cardiomorpha ? subglobosa 304 

6a. Bight side view of a somewhat distorted specimen. 
66. An anterior view of same. 

Fig. 7. AVICULOPECTEN CRENISTRIATUS 295 

la. Cast of the exterior of a left valve. 
76. Cast of a right valve. 
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Fig. 1. Sanguinolites ? ^eolus 307 

la. Eight side view of an internal cast. 

15. Dorsal view of same. 

1c. Right side view of another specimen. 

Fig. 2. Sanguinolites? obliquus ♦ 306 

2a. A left hand view of an external cast, with a little of the posterior dorsal margin broken 

away. 
2b. A right side view of a larger specimen. 

Fig. 3. Allokisma Winchelli 311 

3a. A left side view of a variety of this species. 

3&. An anterior end view of same. 

3c. A left side view of the typical form. 

Fig. 4. Allokisma ventricosa 312 

4a. A left side view. 

■ib. A dorsal view of same . 

Fig. 5. Grammysia? Hannibalensis , 300 

5a. A left side view of a mature specimen (cast). 

5&. Dorsal view of same. 

5c. A right side view of a smaller example. 

Fig. 6. Gkammysia venteicosa 303 

6a. A left side view of a cast of the exterior. 
6&. Dorsal side of same. 

Fig. 7. Grammysia ? rhomboides 302 

la. A right side view of a cast. 
lb. Dorsal view of same. 



CAKiB©OTFE]R©TL T S 



'&$ ®y.§w$& 3nt>w^ 4i€ <#!?m 



( "Waverly group.) 



IPTL.XW. 



iSSSS*^, 



f •'<*' 



V« i l l a B oj^. i. . . ■i. i« afe »,%';j K 



mm 



IIlPli« 






"^USS 



la 



m 




Sa 



IBlSiiliP 
■ Mil 






a 



<^^s 



immm 



S-J:] 



Hi 



m 








S^ig^S^ 





♦ass 



iljp 



■lii 








'S ; <|l 




J. Z-W. uojmell .del. 



TM S Sutdair & Seen lith . Hula - 



PLATE XVII. 



PAKK. 



Pig. 1. Peomaceus Andrbwsi 308 



la. Left side view of an imperfect oast of the exterior. 
lb. Dorsal view of same. 
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Fig. 1. COXULARIA 3IICRONKMA .« 316 

Is. A side view of a somewhat distorted specimen, imperfect at both extremities. 

lb. A portion of number specimen, from near the aperture, showing that the Up was deeply 
notched at the angles, and somewhat inflected. 

lc. A portion of the surface, magnified to show tho crenate character of the very fine trans- 
verse striae. 

Id. Another portion of the same, from near the aperture, showing howthe transverse stride 
become double in some cases on particular parts of the shell. 

Fig. 2. Conularia Newberryi , „... 316 

2a. Side view of an imperfect specimen. 
26. A portion of the surface magnified. 

Fig. 3. Phillipsia Lodiensis .... . , 323 

Drawing, magnified about two diameters, from a gutta-percha cast, made m the mould left 
m a concretion. [The crenated character of the margin of the pygidium is not repre- 
sented m the figure.] 

Fig. 4. SoLENOCARIS STRIGATA 321 

4a. A cast apparently of the interior of a left valve. 

4&. A part of the mould of the same in the matrix, showing distinct longitudinal strife, not 

well defined on the cast of the interior. 
Ac. A cast of the opposite valve of another smaller individual. 

Fig. 5. Ceratiocaris (Colpocaris) elytroides.. 31& 

5a. An imperfect right carapace valve, as seen in the matrix. 
55. A mould or impression left m a concretion by left valve. 

Fig. 6. Ceratiocaris (Colpocaris) Bradleyi .... 318 

6a. A matrix or impression of a left valve of a large individual. 
6b. The same, of a smaller specimen. 

6c. A part of the minutely reticulated surface, rather highly magnified. 

6d and e. The caudal appendages, probably, of this species, found associated with the carax»ace 
valves of the same. 

Fig. 7. Arch^socaris vermiformis 321 
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Fig. 1. ASTARTELLA 341 

l(t. Right valve. 

lb. A profile view of dorsal side of same, attached to a piece of rock so as to hide the hinge. 

Fig. 2. ASTARTELLA VARICA. 341 

Left valve. Hatural size. 
Fig. 3. Astartella Newberryi 340 

Left valve. 

Fig. 4. Yoldia Stevensoni 335 

4a. Left valve, natural size, showing the fine, very regular surface stria:. 
4b. Dorsal view of same. 

Fig. 5. Yoldia careonaria 336 

View of right valve. 

Fig. 6. Allorisma costata , 344 

6a. View of left valve. 
66. Dorsal view of same. 

Fig. 7. POSIDONOMYA FRACTA 333 

la. View of right valve. 

76. Left valve of this, or, possibly, of another species. 

Fig. 8. Cypricardina ? carbonaria 342 

8a. Cast of a left valve, magnified to show the impressions of the hinge-teeth. 
8&. View of the cast of the interior of a right valve. Natural size. 

Fig. 9. Macrodon obsoletus 334 

Cast of interior of right valve, showing impressions of posterior lunge-teeth. 

Fig. 10. Pleurophorus tropidophorus 338 

10a. Cast of the exterior of right valve. 

106. Cast of the interior of left valve, showing impressions of posterior lateral teeth. 

Fig. 11. SOLENOMYA ? ? ANODONTOIDES 339 

The two valves opened, and spread out in the matrix. 

Fig. 12. Plaoukopsis recticardinalis 331 

An internal cast, apparently of the left or upper valve, showing its very peculiar surface 
markings. 

Fig. 13. Ayiculopecten 9 Hbrtzeri 330 

13a. Left valve. 

13b. Right valve. 

13c. A larger left valve. 

Fig. 14. Spirifer opimus 329 

14a. View of ventral valve. 
146. View of dorsal valve of same. 
14c. Anterior view of same. 

14c?. Posterior view of same, showing area, foramen, etc. 

\4e. A ventral view of another individual, more extended on the lunge, and with mesial sinus 
narrower. 
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Fig. 1. Platyceeas tobtum 345 

la. A dorsal view. 

16. A ventral view of same specimen. 

lc. Dorsal view of another specimen. 

Fig. 2. A-viculopinna Americana 337 

A specimen flattened by pressure. 

Fig. 3. Ptilodictya (Stiotopoea) carbonaria -328 

3a. An imperfect specimen. Natural size. 

36. A portion of a branch, magnified to show the pores. 

Fig. 4. Ptilodictya (Stiotopora) serrata 827 

A portion, natural size, showing the serrated lateral margins. 

Fig. 5. Synooladia bisebialis 326 

5a. A part of the polyzoum, iton-poriferous side. Natural size. 
56. A small part of same, magnified to show the dimorphous cells. 

Fig. 6. Macrocheilus Klipparti ...., .. 346 

fia. A small, short specimen, with the lip broken away. 

66. A largo individual, also having the lip broken away, and showing the thickened inner 

lip twisted into a prominent fold below. s 
6«. Another view of the last. 

Fig. 7. Schizodus CDNEATUS , , 336 

View of right valve, Natural size, 
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Fig. 1. Cbletetes Dalei 192 

1. Fragment, natural size. 

la. Portion of the surface of the same. Enlarged. 

Fig. 2. Chjetetes kugosus 193 

2. Fragment. Natural size. 

Fig. 3. Ch/etetes approximatus : 193 

3. Fragment. Natural size. 

3a. Portion of the surface of the same. Enlarged. 

Fig. 4. CfLffilTETES ATTHITUS 194 

4. Fragment. Natural size. 

4a. Portion of the surface of the same. Enlarged. 

Fig. 5. CHiETETES PULCHELLTJS 195 

5. Fragment. Natural size. 

5a. Portion of the surface of the same. Enlarged. 

Fig. 6. OHiETETES SUB-PULCHELLUS - 196 

6. Fragment. Natural size. 

6a. Portion of the surface of the same. Enlarged. 

Fig. 7. OlIiSJTETES Fletcheri ., 197 

7. Fragment. Natural size. 

la. Portion of the surface of the same. Enlarged. 

Fig. 8. Ohjltetes gracilis. 198 

8. Fragment. Natural size. 

8a. Portion of the surface. Enlarged. 

86. Portion of the surface. Still further enlarged. 

Fig. 9. Chjetetes demcattjlus 199 

9. Fragment. Natural size. 

9a. Portion of the surface of the same. Enlarged. 

\ 

Fig. 10. Chtetetes xodulosus 200 

10. Fragment. Natural size. 

ICa. Portion of the surface of the same. Enlarged. 

Fig. 11. ClI/BTETES Jamesi 200 

11. A somewhat lobate specimen, showing the rounded ends of the branches. Natural size. 
11a. Portion of the surface of the same. Enlarged. 

Fig. 12. Ctuetetes rhombicus 201 

12. Fragment, showing the termination of a "branch. Natural size. 
12a. Portion of tho surface of the same. Enlarged. 

Fig. 13. Oh.tstetes bsiareus 202 

13. An example, with four primary branches springing from the basal cone. Natural nze. 
13a. Another example, with only two primary branches arising from the basal cone. Natural 

size. 

136. Portion of the surface. Enlarged. 

Fig. 14. OlIiETfSTES PETROPOLITANUS 204 

14. A small example, apparently belonging to this species, growing upon the valve of a 

Stroplwmcna. 

14a. Portion of the surface of the same. Enlarged. 

14l>. Side -view of a vary small example of G. petropolitanus, having the typical free mode of 

growth, showing the great comparative height. Natural size. 

Fig. 15. Ch.tstetes discoideus 206 

15. A specimen of the average size, viewed from above. Natural size. 
15«. Concave under surface of the same. Natural size. 

156. Profile view of the same, showing the great comparative thinness of the diso. Natural 

size. 

15c. Portion of the surface of the same. Enlarged. 
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Fig. 1. Ch.etetes frondostjs, D'Orb. ( 9 ) , 208 

1. A young ami nearly perfect specimen. Natural size. 
la. Transverse section of a fragment Natural size. 
16. Portion of tlie surface. Enlarged. 

Fig. 2. Chjetetes clathbatulus 209 

8. Surface of a fragment, enlarged to show the arrangement of the calices m intersecting 

diagonals and the low tuberosities. 
9ffl. Transverse section of a large expansion. Natural size. 
2&. Portion of the surface. Greatly enlarged. 

Fig. 3. Chjetetes Ortoni 211 

3. A small specimen, growing upon Sirophomena alternate, Conrad. Natural size. 
3a. Portion of the same. Enlarged. 

:ib. A few calices of the same, greatly enlarged, showing the tuberculated margins. 

Fig. 4. Chjetetes Newberryi , 212 

4. A specimen, apparently nearly perfect. Natural size. 
4a. Portion of the surface of the same. Enlarged. 

Fig. 5. Chjetetes petechials 213 

5. Several individuals, m different stages of growth, attached to the exterior of Ghmtetes 

frondo&us. Natural size 
5a. A single colony of the same. Enlarged. 

Fig. 6. Chjetetes corticans 210 

C. A specimen forming a thru crust upon an Orthoceras. Natural size. 
6a. Portion of the surface of the same. Enlarged, 

Fig. 7. CONSTEIXARIA POLYSTOMBLLA .'. 215 

7. A fragment. Natural size. 

la. A single star of the same. Enlarged. 

Fig. 8. COLUMNOPORA CRIBRTFORMIS 187 

8. A small specimen, in which the tubes are rounded and hare thick walls, viewed from 

above. Natural size. v 

8a. Two calices of an older example. Enlarged. 
8&. Interior of a corallite, showing the septa and the mural pores. Enlarged. 

Fig. 9. Chjetetes sigilla rioides 203 

9. A fragment. Natural size. 

9«. Portion of the surface, where the corallites exhibit secondary calices. Enlarged. 
9&. Portion of the surface in another specimen, m which the corallites only sometimes exhibit 
secondary calices. Enlarged. 

Fig. 10. Paljeophyllum divaricans 220 

10. A small specimen, with a single lateral bud. Natural size. 
10a. Another specimen, m which four corallites have been produced. Natural size. 
10£. Sketch of some of the septa, showing how the primary septa coalesce mternally and form 
vesicular tissue. Enlarged. 
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AULOPORA ARACHNOIDEA 216 

A specimen in which the branching is regular and no close reticulation is formed, growing 

upon the stem of a ramose Ohmtetes. Natural size. 
The same. Enlarged. 
Portion of a branch. Enlarged still further. 

Aceevtjlakia Clintonensis 227 

A few of the calices of a weathered specimen. Natural size. 
Transverse section of two corallites. Enlarged. 

Favosites pleurodictyoides 231 

Under side of a small specimen, m which part of the epitheca is preserved. Natural size. 
Under side of a decorticated specimen, from which the epitheca has been removed, show- 
ing the. mural pores on some of the best preserved corallites. Natural size. 
Portion of the wall of a corallite, ahowing the mural pores. Enlarged. 

Cystiphylhjm Ohioense 234 

An adult specimen, viewed m profile. Natural size. 
Calice of the same. Natural size. 

Zaphrentis Wortheni 235 

5. A specimen viewed laterally, so as to show the extreme obliquity of the calice. Natural 

size. 
5ft. The same, viewed from the front. Natural size. 

Fig. 6. Zaphrentis Edwardsi 235 

6. Side view of a specimen. Natural size. 
6ft. Calice of the same. Greatly enlarged. 

Fig. 7. Favosites invaginata 232 

7. Corallum, of the natural size. Eor the sake of simplicity, the calices which cover the entire 

upper surface are omitted. 
7a. A few of the calices. Enlarged. 
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Fig. 1. Syringosteoma columnabis 253 

Fragment. Natural size. 

Vertical section of a fragment. Greatly enlarged. 

Sybingosteoma densa 251 

Portion of the surface of a fragment. Natural size. 
Small portion of the surface. Enlarged. 
Vertical section of a fragment. Enlarged. 

Stbomatopora nodulata 249 

Fragment of a mass.* Natural size. 
Surface of one of the layers. Enlarged. 
Vertical section of a fragment. Enlarged. 

Steomatopoba pondebosa 246 

Portion of the surface of a large mass, showing oscula. Natural size. For the sake of 
simplicity, it has not been attempted to represent on this scale the tubercles which cover 
the entire surface. 

Portion of the surface of the same, showing the tubercles with their perforated summits. 
Enlarged. . 

Vertical section of a fragment. Enlarged. 

Steomatopoba sub-steiatella 248 

Portion of the surface, showing oscula and pores. Enlarged. 
Vertical section of the same. Enlarged. 

DlCTYOSTEOMA UNDULATA 254 

Vertical section of a fragment. Natural size. 
Tipper surface of a fragment, showing the oscula. Natural size. 
Upper surface of one of the internal layers of the mass. Enlarged. 

Vertical section of three layers, showing the perpendicular processes and the ends of the| 
horizontal canals which perforate thelayers. Enlarged. 
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PAGE, 
Fig. 1. HlPPOTHOA INFLATA 268 

1. A small fragment. Natural size, 
la. The same. Enlarged 

1&. Two of the cells of the same, enlarged still further. 

Fig. 2. Alecto auloporoides 267 

2. A portion of the polyzoary growing upon Strophomena altemata. Greatly enlarged. 
2a. Portion of the same, showing biserial cells. Greatly enlarged. 

26. Another branch of the same, showing more or less completely unisenal cells. Greatly 
enlarged. 

Fig. 3. Alecto frondosa 266 

3. Portion of the polyzoary growing upon Strophomena alternata. Natural size. 
3a. Portion of the same. Enlarged 

36. Fragment of the same. Greatly enlarged. 

Fig. 4. Ptilodictya flag-ellfm 262 

4. Frond, broken above. Natural size. 
4ft. Transverse section. Enlarged. 

4b. Portion of the frond. Greatly enlarged. 

Fig. 5. Ptilodictya emacerata 261 

5. A fragment, of the natural size and enlarged, 
5a. Transverse section of the same. Enlarged. 
5b. Portion of the same. Greatly enlarged. 

Fig. 6. Alecto confusa 267 

6. Polyzoary forming a crust on a crinoidal column- Natural sifee and enlarged. 

Fig. 7. Ptilodictya falciformis 259 

7. A small example. Natural size. 

la. Transverse section of the same. Enlarged. 

7b. Portion of the surface of the same. Greatly enlarged. 

Fig. 8. Ptilodictya fenestelliformjh 263 

8. A small fragment. Natural size. 

8a. Transverse section of the same. Enlarged. 

86. Portion of t^he surface of the same, showing one of the non-celruliferous areolae. Enlarged. 

Fig. 9. Ptilodictya (?) alctipora 262 

3. Fragment of a cylindrical frond. Natural size. 

9a. Portion of the same. Enlarged. 

96. A few cells. Greatly enlarged. 

Fig. 10. Ceramopora Ohioknsis 265 

10. A small portion of the crust. Enlarged. 
10a. A few cells of the same. Greatly enlarged. 

106. A few cells from a worn specimen. Greatly enlarged. 

10c and lOd. Portions of the surface of much worn specimens of the same (?),, showing numer- 
ous interstitial tubuli. Greatly enlarged. 

lOe. Toung colony of the same. Enlarged. 

Fig. 11. Fenestella nervata ...„.,..., ,..,....,.„.„ 264 

11, Fragment of this frond. Natural size, 
lift. Portion of the same. Enlarged. 
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Fig. 1. Pelion Lyelli, "Wyman. Original specimen. Natural size 390 

2. Tuditanus longvpes, Cope. Natural size 398 

3. Tuditanus brevirostris, Cope. Twice natftral size ; 393 

4. Probably the same. Natural si^e 393 
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PLATE XXVII. 

VAGE. 

Fig. 1. TuditWnus radiatus, Gope. Head. Natural size 3,94 

% Brachydectes J$ewberry%, Cope. Jaws. Twice natural size 388 

3. Oestocephalus rectidens, Cope. Twice natural size 386 

4. Vertebrte, perhaps of the same. Natural size 386 

.5. Oestocephalus ? remex, Cope. Twice natural size .-. 381 

6. Ptyonius Marshii, Cope. Twice natural size 375 

7. Ptyonius pectinatus, Cope. Twice natural size 377 
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PLATE XXVIII. 

1'AGE. 

Fig. 1. Ptyonius Vinckellianus. (Twice natural size 37(i 

2. Ptyonius pectination, Cope. The upper right-naiid figure, P Marsldi. Natural size 977 

3. Ptyonius Marshii, Cope. Natural size 375 

4. Ptyonius pectinatus,. Cope. Natural size 377 

5. Ptyonius ? serrula, Cope. Natural size 379 

6. Ptyonius pectinatus. Cope. Natural size 377 
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PLATE XXflX. 

FAOK . 

Fie. 1. ParvosteguS' myops, Cope. Twice natural size. (See Trausac. Ammeau Philos. Sue, 1808, 
XIV., p. 15.) 

% Ptyomuspectinatus, Cope. Twice natural size 377 

3. Scale of abdomen of Colosteus scutellatus. ISTewb. Twice natural mz * 407 
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PLATE XXX. 



!Fig. 1. Ptyonius mrriiXa, Cope. Twice natural size 379 

2. Ptyonius pectinatus, Cope. Twice natural size „ 377 
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3Tig. 1 . OestoeepJiakis remex, Oope. Twice natural size 381 

2. 9 Thyrsidium. Twice natural size. Originally supposed to belong to Oestocephalus 366 
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PLATE XXXII 

l'AGE. 

Fig. 1. Otocephalus retnex. Cope. Posterior limb and caudal vertebra?. Natural size 381 

2. Phlegethontia serpens, Cope. Natural size 367 
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Fig. 1 . Golosteus scutellatus, Ne wb. Twice natui al size 407 

2. Oestoeephalus remex, Cope. Twice natural size 381 
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JTig. 1. Tuditanus longvpes. View of the upper surfaces. Natural size 398 

2. Tuditanus Huxl&yi. Portion of cranium, including the right half of the superior surface, 

with portion of the mandibular ramus. Natural size 397 

3. Tuditanus radiatus. Fragment of left half of cranium. Natural size. (Not all represented.) 394 

4. Oestocephalus ? remex. Portions of dorsal and caudal regions, with pelvis. Natural size 381 
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Fig- 1. Ptyonius peetinatus. Natural size 377 

2, 3. Ptyonius peetinatus. Natural size 377 

4. Cranium of a Ptyonius. Natural size 373 

5. Oestocephalus. Maxillary and dentary bones, wii h teeth. Natural size . , 380 

«. Peplorhma anthracma. Cranium from below, displaying mandibles, hyoid bone, operculum, 

■etc Natural size . ,.,,., 410 
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. 1. Colosteus foveatus.. Middle pectoral shield. Twice natural size 4-6 

2. Colosteus scutellatus. Ventral and thoracic scuta from above. Natural size 427 
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Fig. 1. Sauropleura digitata. Body, with limbs. Natural size 403 

2. Sauropleura Newbem. Limb bones and abdominal scutella. Natural size 404 

3. Sauropleura Newbem. A second specimen , cranium, without the superficial layer, from 

above. Natural size 4(14 

4. Hyphasma Imvis. Natural size 387 
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'Fig. 1. Leptophmctus obsoletus. Profile of anterior part of cranium. Four-seven ths natural size 400 

2. Leptophraetus obsoletus. Obverse of preceding specimen, displaying the end of fche dentary 

bone Four-seven tlis natural size '. 400 
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PLATE XXXIX. 



VAGE, 

Fig. 1. Leptophractus obsoletus. Side view of anterior part of cramuin. the end of the muzzle broken 

off. Two-thirds natural size . - . 400 

2. Profile of a second specimen of the same species, the muzzle preserved. Two-thirds natural 

size 4'0 

3. Vertebras, of uncertain reference, mentioned m the description of Leptophractus 399 

4. Gocytinus gynnoides. View of inferior surface of cranium and vertebral column. Twice nat- 

ural size. The obverse is represented m cut No. 5, page 361 364 
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Fig. t . Ptyomus pectinatus. Natural size - 377 

2. Ptyomus nummifev. Natural size 374 

.3, Ptyomus nummifer, without head. Natural size 374 

4. Geraterpeton punctolineatum. The right posterior angle of the cranium preserved 37d 

To the right hand are two pectoral shields of a large specimen. 

5. Sauropleura Newberi'iana. Posterior part of cranium with dentition, and loose abdominal 

scutella 404 
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Fig. 1. Pleuroptyx clavatus. Small individual. Natural size 370 

2. Ceraterpeton tenuicorne. Cranium from above. Natural size 372 

4. Thyrsidium fascieulare. Type. Natural size 365 

4. Peplorfcma antkracvna- A dislocated cranium from below , above are broken vomerine teeth , 

behind, separated cranial bones ; to the right of the middle is operculum. Natural size. . . 410 

5. 6. Superior cranial bones of Peplorhma antkracma 41® 
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PLATE XLIL 



.1,2. Pectoral shields of Colostms pauevradiatus. Natural size 

4. Middle pectoral shield of Burythorax sublcevis. Natural size 

5. Superior view of the three pectoral shields of an unknown Stegocephalian. 
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Fig. 1. Molgophis macrurus, Cope. Natural size 368 

2. Phlegethontia linearis, Cope. Natural size 367 

3. The same, twice natural size, from another specimen 367 
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Fig. 1. Molgophis brevicostatus. Natural size 369 

2. Pleuroptyx clavatus. Portion of a larger specimen, Natural size 370 

3. A hind limb, which accompanied the last two specimens. Natural size 370 

4. Side view of a supposed species of Ptyomua. Natural size 373 
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Fig. 1. Molgophis Veatleyi. Natural size 369 

2. Otenodus Ohwrms. Upper surface of cranium. Two-thirds natural size 410 
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Fig. 1. Megaloptbris Harttii, And 416 

The top of a large plant. 
[ la. Portion magnified to show nervation. 

Fig. 2. Oardiooarpon Newbekryi, And 425 
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PAfiE. 

Fig. 1. Megaloptbbis ov at a, And ,. 417 

Termination of frond. Natural size. 

Fig. 2. Megalopteris ovata, And 417 

Lower portion of plant, showing the characteristic short, broad leaves. Natural size. 
2#. Nervation of decurrent portion of leaf. 

Fig. 3. Megalopteris lata, And 417 

Fragment of leaf, natural size. The leaves are sometimes twice ari wide. 
3a. The usual nervation. 
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Fig. 1. Megalopteris minima, And 416 

Natural size, 
la. Enlarged nervation. 

Fig. 2. Megalopteris minima, And 416 

Tne largest specimen yet found. Natural size. 

Fig, 3. Megalopteris minima, And , , 416 

Apex of a small specimen. Natural size. 
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PAGK 

Fig. 1. Hymenophyllites Ballantini, And 422 

Natural size. 

Fig. 2. AechjBoptbris stbicta, And 418 

Natural size. 
2a. Leaves enlarged to show nervation. 

Fig. 3. Asterophylutes erectifolius, And 425 

Natural size. 
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Fig. 1. Orthogoniopteris clara, And 419 

Plant natural size. The rounding of the base of upper side of leaves is dimly seen in 
specimen, but is uot represented m the figure. 
1 a. Nervation enlarged. 

Fig. 2. Orthogoniopteris Gilberti, And 420 

Natural size. This species shows the upper basal margin of the leaves.. 

Fig. 3. Alethopteris maxima, And 421 

Natural size. Fragment of leaf. 
3a. Termination of leaf. 
3fe. Nervation somewhat magnified. 
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PLATE LI. 

FACIE. 

Fig. 1. Alethopteris Holdeni, And 420 

Lower portion of the plant. Natural size. 

Fig. 2. Alethopteris Holdeni, And 420 

Upper portion of the plant. Natural size. 
2a. Nervation magnified. 

Fig 3. Alethopteris Bunburyi, And 421 

Natural size. 
3d. Nervation enlarged. 

Fig. 4. Asterophyllites ? minutus, And 424 

4a. Portion enlarged. 
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Fig. 1. Erbmopteeis marginata, And 422 

Natural size. 

Fig. 2. Eremopteris marginata, And 422 

Natural size. This is probably a macerated plant. 
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PLATE LIIL 

PARE. 

Figs, land 2. Roots? 424 

Natural size. 

Probably portions of an AsterophyMites "which, were submerged, the leaves taking the form 
of rootlets. 

Fig. 3. Lepidophloios Lesquekeuxii, And 423 

Fig. 4. Lepidodendkon Rushvillense, And 423 
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PLATE LIV. 

I' AGE. 

Fig. 1. AstErosteus stenocephalia, Newb 36 

Upper surface of cranium. Natural size. 

Fig. 2. Goccosteus occidentals, IS^ewb 32 

Dorsal shield. Natural size. 
2«. Yentro-median plate, inner surface. 

Fig. 3. Coccosteus cuspid a tub, Agass..... *. , 33 

Dorsal shield. Two-thirds natural size. 

Fig. 4. Goccosteus decipiens, Agass 11 

Yentro-median plate, external surface 
4a. Yentro-median plate, inner face. 
Natural size. 
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PLATE LV. 

PAGE. 
ACANTHASPIS ARMATUS, Newb 37 

Fig. 1. Plate bearing spine, from left side of cranium'? 

2. Plate bearing spme, from right aide of cranium? 

3. Plate corresponding to fig. 2, from another individual, showing the manner in which the 

spme was joined to the exterior border. 

4. Under side of a plate generally similar to fig. 3, but holding a different position, or belong- 

ing to a different species. 

5. Exterior surface of a plate found associated with other remains of Acanthaspis. 
5a. Ornamented surface. Twice natural size. 

6. Inside of plate similar to fig. 3, but detached from its spme. 
All figures, except 5a, natural size. 

All originals from the Corniferous limestone, Sandusky, Ohio. 
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Acantholepis pustuloses, Newb 38 

Tig. 1, la. Two cranial? plates in their relative positions Natural size. 
1&. Reduced outlines of four plates probably iu their r> lative positions. 

2. Interior surface of plate probably homologous with la. 

3. Exterior surface of small, strongly tuberci dated plate corresponding to la. 

4. Triangular plate, probably one side of a flattened spine. 

5. Slender spine, probably from body 

6. Robust spine with strongly squamose margin, from body t 

All the figures, except lb, "are of the size of nature ; the originals from the Corniferous lime- 
stone at Delaware and Sandusky, Ohio. 
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PLATE LVII. 
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, 1-4. CONODONTS of various forma 41 

5 and 7. Conical teeth of fishes associated with the Conodonts 41 

6, 8-20. Various forms of Conodonts 41 

Cleveland shale, Bedford, Ohio. 
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PLATE LVIII. 

1 J AGE. 

Fig. 1. Diplodus latus, Newb 44 

Broad form, 
let, J&. Front and side views, showing tubercle of base. 

Fig. 2. Diplodus compressus, Newb 45 

Front view. 

Fig. 3. Diplodus gracilis, Newb 45 

3a. Small form. 

Fig. 4. Cladodus acuminates, Newb , 45 

Posterior face. 

Fig. 5. Cladodus Hertzeri, Newb 46 

Posterior aspect. 
5ft. Side view and section of central cone. 

Fig. 6. Cladodus Pattersoni, Newb , 47 

Posterior face and section of cone. 
6a. Profile section. x 

Fig. 7 Cladodus subulatus, Newb ....,..., 47 

Posterior face and section of cone. 

Fig. 8. Cladodus concinus, Newb 48 

Posterior face, section and base- 
Fig. 9. Cladodus parvulus, Newb 48 

Posterior face and base. 
9a. Small form, with lateral denticles. 

Fig. 10. Poltrhizodus modestus, Newb 50 

Anterior face. 
10a. Profile section. 

Fig. 13. Orodus variabilis, Newb.. 50 

Posterior face of large tooth. 
11a, 11&. Crown and anterior aspect. 
lie— lift. Views of smaller teeth of same series. 

Fig. 12. Orodus elegantulus, N. and W 51 

Crown, posterior face. 
i2a. Enlarged view of same. 

Fig. 13. Petalodus Alleghaniensis, Leidy 52 

Anterior face of average specimen. 
13a. Anterior face of small tooth. 

Fig. 14. Ctenoptychius semicircularis, N. and W 52 

Anterior face. 

Fig. 15. Ctenodus serratus, Newb , 59 

Upper surface of right? lower tooth. 
15a. Profile of one of the serrated ridges. 

Fig. 16. Ctenodus serratus? Newb 59 

Small palate tooth of upper ? jaw. 

Fig. 17 Dipterus Sherwoodi, Newb , 61 

Crown surface. 
17a. Side view. 
17&. Profile of one ridge. 

Cat-skill group, Tioga county, Pennsylvania. 

Fig. 18. Heliodus Lesleyi, Newb 64 

Upper surface of upper t palate tooth. Natural size. 
Chemung group, Tioga county, Pennsylvania. 
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Fig. 1. Ctenacanthus formosus, Newb 53 

Natural size. 
la, 16, Ic. Transverse sections of spine. 
Id, le. Surface markings. Enlarged. 

Fig. 2. Ctenacanthus furcicarinatus, Newb 54 

Base of spine. Natural size. 
2«, 2b. Transverse sections. 
2c. Surface markings. Enlarged. 

Fig. 3. Ctenacanthus parvulus, Newb 55 

Entire spine. Natural size. 

Fig. 4. Dermal Tubercles of Ctenacanthus ? 54 

Found with fig. 2. 

Fig. 5. Listracanthus hystrix, N. and W 56 

A small specimen. Natural size. 

Fig. 6. Listracanthus Hildrethi, Newb 56 

Summit of spine. Natural size. 

Fig. 7. Orthocanthus gracilis, Newb 56 

A rather large specimen. Natural size. 

Fig. 8. Dinichthys Terrelli, Newb 28 

Supra-occipital plate, inside. Natural size. 

Fig. 9. Dinichthys Hertzeri, Newb 28 

Supra-occipital plate, inside. Half natural size. 

Fig. 10. Supra- occipital and Dorsal Plates of Heterostius 14 

Inside, much reduced. After Pander. 

Fig. 11. Supra- occipital and Dorsal Plates of Asterolepis 14 

Inside, much reduced. After Pander. 

Fig. 12. Platyodus lineatus, Newb 58 

Crown surface of tooth. Natural size. 

Fig. 13. Ptyctodus calceolus, N. and W 59 

Side view. Natural size. 
13«. Upper surface. Natural size. 
13b. Profile section. Natural size. 
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